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Abstract 

The building sector contributes to a large part of the total emissions of greenhouse gases, which demands 

for increased sustainability in all phases of a buildings’ lifecycle. Choices of building materials and the 

respective required maintenance and replacements are becoming more important if further reductions of 

climate impacts should be obtained. 

Folkhem is a Swedish construction company who constructs multi-storey buildings made of wood. The 

company has shown interest in developing knowledge about how the selection of building materials effects 

the impacts on climate, the extent of necessary maintenance and replacement work as well as economic 

consequences. The aim of this master thesis was to evaluate the potential climate impacts and costs for 

different scenarios of maintenance and replacements of selected exterior building components for 

Folkhem’s planned building in Stadshagen, in Stockholm. The façade, roof, windows and balconies have 

been in focus. To fulfill the aim of this study, life cycle assessment and a simplified cost analysis have been 

carried out. 

With the basis of the results from this study, recommendations of building materials for the chosen building 

components in Folkhem’s planned building have been stated. A façade made of pine impregnated with 

boiled linseed oil is recommended as façade cladding, and OrganoWood is recommended for the balcony 

decking. Folkhem planned to use wooden windows, but it is recommended that these are substituted to 

aluminum coated wooden windows. No recommendation could be provided for the roof from this study. 

The following conclusions have been made; 

 More attention should be payed to the phases of maintenance and replacement when carrying out 

LCAs for timber buildings, since general assumptions could be misleading. 

 The origin of the building materials could have a significant climate impact if several replacements 

need to be performed, since this includes a large number of transports of materials.  

 Different building materials or building components have different lifespans and needs for 

maintenance. To reduce costs and potential climate impacts, long lifespans with little need for 

maintenance are desired. Planning for a specific lifespan of the building and the required 

maintenance and replacements may contribute to reduce the potential climate impacts. 

 Maintenance is recommended for timber buildings, since this could reduce the need for 

replacements, which could reduce the potential climate impacts. 

 LCA can be a useful tool for Folkhem to plan for maintenance and replacements of their timber 

buildings if improvements are performed regarding LCA data quality. 

 LCA can provide guidance for Folkhem to choose sustainable building materials, with regards to 

maintenance and replacements at an early stage in the design process. 

A future study could be to perform a more detailed LCA of the materials and products that required 

assumptions in this study, for instance the surface treatments for maintenance. A more detailed LCA of all 

maintenance that should be conducted in a building could be of interest as well, and to investigate the 

impacts from excluded processes in this study. Alternative building materials for the exterior building 

components could be evaluated as well as different percentages of painting area. More impact categories 

than climate change could also be evaluated. Impacts from the building lifecycle phases of repair and 

refurbishment could also be interesting to evaluate in order to receive an overview of the total potential 

climate impacts and costs from all parts of the lifecycle of a building. Another approach could be to 

investigate if maintenance and replacement are carried out as described from technical literature and 

manufacturers in reality. Finally, a more thorough cost analysis could be carried out, evaluating how a 

housing society would be affected from costs from maintenance and replacement.  

Keywords: lifecycle assessment, LCA, timber structures, maintenance, replacement, costs, GWP, climate 

change. 
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Sammanfattning  

Byggsektorn är skyldig till en stor del av det totala utsläppet av växthusgaser, vilket leder till ökade krav på 

hållbarhet i alla delar av en byggnads livscykel. Val av byggnadsmaterial med respektive krav på underhåll 

och utbyten blir allt viktigare för att uppnå en reducering av klimatpåverkan. 

Folkhem är en svensk byggherre som bygger höghus av trä. Företaget har visat intresse i att utveckla 

kunskapen om klimatpåverkan från materialval, utsträckningen av nödvändiga underhållsarbeten och 

utbyten samt ekonomiska konsekvenser. Målet med detta examensarbete var att utvärdera möjlig 

klimatpåverkan och kostnader för olika scenarion gällande underhåll och utbyten av utvalda exteriöra 

byggnadsdelar för Folkhems kommande byggnadsprojekt i Stadshagen i Stockholm. De utvalda 

byggnadsdelarna var fasad, tak, fönster och balkonger. För att uppnå målet med studien har livscykelanalys 

samt en enkel kostnadsanalys utförts. 

Baserat på resultaten av denna studie har rekommendationer tagits fram för byggnadsmaterial gällande 

byggnadsdelarna i fokus i Folkhems planerade byggnad. Som fasadmaterial rekommenderas furu 

impregnerad i kokt linolja och balkongdäcket bör utgöras av OrganoWood. Folkhem planerar att använda 

träfönster, men rekommendationen är att byta ut dessa mot aluminiumbeklädda träfönster. Det var inte 

möjligt att ge någon rekommendation for takmaterialet. Följande slutsatser har framkommit; 

 När en LCA för en träbyggnad utförs bör mer uppmärksamhet läggas på underhålls- och 

utbytesfasen eftersom generella antaganden kan vara missvisande. 

 Ursprungslandet för byggnadsmaterial kan ha en märkbar effekt på klimatet om många utbyten 

måste utföras vilket inkluderar ett flertal transporter av material. 

 Olika byggnadsmaterial och komponenter har olika livslängd och krav på underhåll. För att 

reducera kostnader och potentiell klimatpåverkan är långa livslängder med krav på litet underhåll 

önskvärt. Att planera för en specifik livslängd för byggnaden och nödvändiga underhåll och utbyten 

kan bidra till att reducera klimatpåverkan. 

 Underhåll är rekommenderat för träbyggnader eftersom detta kan minska krav på utbyten som i sin 

tur kan minska potentiell klimatpåverkan. 

 LCA kan vara ett användbart verktyg för Folkhem för att planera för underhåll och utbyten av deras 

trähus om kvalitetsförbättringar gällande LCA-data utförs. 

 LCA kan även i tidiga skeden ge vägledning för Folkhem för att välja hållbara byggnadsmaterial 

med hänsyn till behov av underhåll och utbyten. 

Ett fortsatt arbete kan vara att utföra en mer detaljerad LCA av material och produkter som krävde 

antaganden i denna studie, till exempel ytbehandlingsprodukter. En mer detaljerad LCA gällande allt 

nödvändigt underhåll för en byggnad kan vara intressant att utföra och även inkludera processer som varit 

exkluderade i denna studie. Alternativa val av byggnadsmaterial för byggnadskomponenterna i fokus av 

denna studie kan utvärderas samt olika procentandelar av ytbehandlingsarea. Fler påverkanskategorier skulle 

också kunna utvärderas. Det skulle vara intressant att utvärdera miljöpåverkan och kostnader för 

byggnadsfaserna reparation och renovering för att få en helhetsbild av byggnadens livscykel. Ett annat 

förslag kan vara att utvärdera om underhåll och utbyten av material utförs enligt rekommendationer från 

teknisk litteratur och tillverkare i verkligheten. Slutligen skulle en mer detaljerad kostnadsanalys kunna 

utföras för att analysera hur en bostadsrättsförening påverkas av kostnader för underhåll och utbyten. 

 

Nyckelord: livscykelanalys, LCA, träkonstruktioner, underhåll, utbyten, kostnader, GWP, klimatpåverkan. 
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1 Introduction  
There is an urgent need for increased sustainability in the building sector. Buildings in the European Union 

demand for 40 % of the total energy use and generate 40-50 % of the total output of greenhouse gases 

(Trätek, 2000) (Ardente, et al., 2010). The building sector also consumes a third of the total water 

consumption as well as generating a third of the total waste from all stages in the building process (European 

Commission, 2014). The EU has started an initiative, the so called "Resource efficiency opportunities in the 

building sector", to promote a more efficient use of resources in the building sector in order to reduce the 

environmental impacts throughout the entire lifecycle of a building (European Commission, 2014).  

Buildings require both direct and indirect energy (Cabeza, et al., 2013). Direct energy is needed for 

construction, use and demolition of the building at the end of its lifetime, whereas indirect energy is needed 

for instance to produce building materials. Recently, considerable focus has been put into reducing the need 

for energy in the use phase of a building, for instance by building passive houses (Müller & Berker, 2013). 

Still, more measures need to be carried out to reduce the energy demand for buildings. Due to this fact, 

material specific aspects, such as choices of building materials and the respective required maintenance and 

replacement are becoming more important if a further reduction of the energy consumption should be 

obtained (Malmqvist, et al., 2010).  

In order to select environmentally friendly building materials in the design phase of a building, life cycle 

assessment (further referred to as LCA), is a useful tool (Pacheco-Torgal, et al., 2014). LCA is carried out in 

accordance with international standards and aims to investigate the environmental impacts throughout the 

entire lifecycle of a product or service. The first LCA studies were carried out in the 1960s and 1970s, where 

different consumer goods were compared (Guinée, et al., 2011). Since then, the LCA methodology has 

developed and is nowadays used in a wide spread of applications. One of these applications is the building 

sector, which has been widely evaluated and discussed in several reports (Erlandsson & Borg, 2003) (Buyle, 

et al., 2013) (Malmqvist, et al., 2010).  

There is limited amount of research on the climate impacts from maintenance of a building and this part is 

not always given much attention in building LCA studies (SETAC, 2003). To receive an accurate result of 

an LCA for a building, the maintenance also need to be thoroughly evaluated (Jönsson, et al., 1997). The 

choice of building materials affects the level of future required maintenance and replacement. Therefore, 

robust choices of materials in the design phase of a building could reduce the need for maintenance and 

replacement as well as reducing the costs for these processes. To maintain the original function of a building 

it is important to plan for future maintenance and replacements (SBC, u.d.). A maintenance plan presents 

the magnitude, costs and time of future maintenance measures. This document prevents the need for 

unforeseen and expensive maintenance or replacement works as well as it potentially reduces climate 

impacts. 

Future climate impacts and costs from maintenance and replacement can be evaluated by using LCA and 

life cycle cost analyses (LCC) (Malmqvist, et al., 2010). However, the application of these tools has not 

completely broken through yet, especially since LCA is considered to be a difficult tool to handle that 

requires a lot of expertise, data and resources. LCA could be used as a supporting tool for the choices of 

building materials, early in the design phase. Furthermore, it could also be introduced to support the 

execution of maintenance plans, where a robust and transparent methodology is required as well as high 

quality input data, to ensure both quality and comparability to other systems (Erlandsson & Holm, 2015).  

1.1 Case study 
This master thesis is a study made on behalf of Folkhem, a Swedish construction company. Folkhem has 

chosen to only construct timber buildings and has received great positive attention for their previous 

construction project, “Strandparken”, located in Sundbyberg in the northern part of Stockholm, shown in 

Figure 1. The first out of two buildings was finished in 2013 for people to move in (Folkhem, 2013). Each 

building is entirely made of wood except for a concrete foundation and mineral wool insulation. The load-



2 
 

bearing structure consists of prefabricated elements of cross-laminated timer (CLT) provided by the Swedish 

manufacturer Martinsons. 

 

Figure 1; one of Folkhem's multi-storey timber buildings in the project “Strandparken” located in Sundbyberg in the northern part of Stockholm 
(Folkhem, u.d. a)). 

Folkhem is currently in the design phase of a new project which will be located in Stadshagen in Stockholm, 

shown in Figure 2. Two timber apartment blocks, similar to the buildings in Sundbyberg will be constructed 

in a near future. One of the two planned buildings in Stadshagen has been in focus as a case study in this 

report.  

 

Figure 2; the left picture presents the location of Folkhem’s two future timber buildings (marked in red) which will be located in Stadshagen in 
Stockholm (Folkhem, u.d. b)). The picture to the right illustrates the planned design for the buildings. 

1.2 Problem identification 
In the current situation on the Swedish housing market, especially in Stockholm, there is a need to build 

more but it is also important to consider climate impacts and sustainability (Stockholms stad, 2016) (Cabeza, 

et al., 2013). However, the main focus often lies in reducing the climate impacts in the use phase of a 

building, regarding for instance heating and indoor climate. One aspect of sustainable constructions, is the 

use of building materials with low climate impact as well as a reasonable service life. Moreover, the demands 

on maintenance and replacement of building materials could be an important aspect to identify early in the 

design phase of a building. The material choices could affect the need for maintenance and replacement 

which affects the magnitude of climate impacts and operating costs. 

Buildings based on building systems of steel and concrete have commonly been built for a long period of 

time. These buildings have long lifespans with little need for maintenance work, however significant negative 

contribution to the climate has been noted (Börjesson & Gustavsson, 2000). Folkhem’s multi-storey 

buildings are made of wood, which generates lower climate impacts since it is a renewable material. 
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However, knowledge about the magnitude of climate impacts, costs and frequency from maintenance and 

replacement of these buildings is limited. 

Since Folkhem does not have a maintenance plan for their building projects, they have shown interest in 

developing knowledge about how the selection of building materials effects the impacts on the climate, the 

extent of necessary maintenance and replacement work as well as economic consequences. 

1.3 Aim and objectives 
The overall aim of this master thesis is to evaluate the magnitude of the potential climate impacts and costs 

for different scenarios of building lifespans with respect to maintenance and replacement of selected exterior 

building components in timber buildings. This will result in an evaluation of whether if it is possible to use 

LCA as a tool in maintenance planning. The aim is also to provide guidance for Folkhem by demonstrating 

how the selection of building materials affects the climate, future maintenance and replacement work as well 

as operation costs. To achieve the aim of this study, the objectives are to carry out an LCA to evaluate the 

potential climate impacts, and to perform an economic cost analysis, to estimate the costs from maintenance 

and replacements. 

1.4 Research questions 
In order to fulfill the aim of this master thesis, the research questions are stated as follows; 

 When considering Folkhem’s planned timber buildings in Stadshagen, what effects will different 

choices of building materials as well as scenarios of different maintenance and replacement works 

generate regarding climate impacts and operation costs, seen from an environmental lifecycle 

perspective? 

 Can LCA be a useful tool for the planning of maintenance and replacement for Folkhem’s timber 

buildings? 

1.5 Intended audience 
Folkhem is the company in focus in this study, but other building companies could also have an interest in 

the work since the sustainability issue is an aspect of increasing importance nowadays. Furthermore, it 

contributes to the scientific development of LCA procedures and could therefore be of interest for people 

working with building LCAs and also for people at universities. It may also be an important contribution to 

the environmental product declaration (EPD) that has been carried out for Folkhem’s concept building. 

1.6 Limitations 
One limitation of this study is to only consider exterior parts with commonly considerable needs for 

maintenance, since these can be regarded as interesting and even decisive for the competiveness of modern 

wood-based construction. In correspondence with Folkhem, the selected building components are;  

 Façade 

 Roof 

 Windows 

 Balconies. 

A number of different scenarios for maintenance and replacement for different lifespans of the building 

have been modelled and analyzed. Further limitations and assumptions that have been made throughout 

the LCA study are presented in section 3.2. 

1.7 Methodology 
The methodology of this study is carried out as follows; 

 Literature study, which was the first step of the research process. The aim of this activity was to 

collect relevant and high quality information needed for the study. Research papers, technical 

literature and information from different manufacturers of building materials have been gathered. 
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 Interviews, with people at Folkhem and manufacturers. 

 Life cycle assessment (LCA), which is the method used to solve the research questions. A 

description of the method is presented in section 2.1. The used computer software was Microsoft 

Excel and the database Ecoinvent 3.2 provided in the LCA software SimaPro Multiuser 8.1.1. The 

intendent approach to the LCA was to start with a basic scenario, where the chosen materials for 

the façade, roof, windows and balconies were analyzed from a lifespan-, maintenance- and 

replacement perspective. This was followed by an identification of hotspots, which were further 

analyzed in sensitivity analyses. 

 Cost analysis, which has been performed after the LCA to present the differences in costs and 

potential climate impacts of the different scenarios. 

1.8 Outline of report structure 
This master thesis is structured in eight sections. 

1. Introduction: an introduction to the topic as well as a presentation of the company in collaboration 

and a description of the aim and objectives, research questions, intended audience and limitations 

of the study.  

2. Literature study: a summary of information from technical literature which was considered to be 

relevant for the study. 

3. Method: an LCA study and a cost analysis. 

4. Results: a presentation of the potential climate impacts and costs. 

5. Analysis and discussion: an analysis and discussion of the results. 

6. Conclusion and recommendations: a presentation of the main conclusions, recommendations 

and suggestions of future work. 

7. References. 

8. Appendix. 
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2 Literature study 
The following chapter presents a summary of the relevant information from literature that has been gathered 

to perform the study. 

2.1 Description of life cycle assessment (LCA) 
LCA is a tool used to determine the environmental performance of a product or process throughout its 

lifecycle, from cradle to grave (Curran, 2015, p. 1). The method should be carried out in accordance with 

international standards produced by The International Standards Organization (ISO), which provides 

guidelines to the execution of LCA which are known as the 14040 series. According to ISO 14040, LCA 

can be used as a tool to assess information about the environmental performance of products at different 

stages in the lifecycle (ISO, 2006a). Furthermore, it provides a basis for decision-making and can be used 

for marketing, such as environmental labelling. It can also be used to choose relevant indicators for 

environmental performance and measurement techniques.  

LCA can be executed either to analyze a single system, a so-called stand-alone LCA, or to compare two or 

more systems, which is a comparative LCA (Curran, 2015, p. 21). This distinction is not included in the ISO 

standards but can be beneficial when defining the goal and scope of a study. A stand-alone LCA can be 

used to identify the environmental impacts of a certain product, while a comparative LCA could be an aid 

for decision-making when evaluating different products or services.  

An LCA study may be attributional or consequential, which should be decided in the early stages of the 

study (Curran, 2015, p. 93). An attributional LCA could be seen as a “static model” meaning that it describes 

the system as it can be observed from an historical, current or future perspective. For this type of LCA, 

average data is used which represents the average environmental burdens for producing one unit of the 

good and/or service in the system (Finnveden, et al., 2009). A consequential LCA describes the 

consequences of a change in the system (Curran, 2015, p. 93). Marginal data is used for this, which represent 

the effects of a small change in the output of goods and/or services from a system on the environmental 

burdens of the system (Finnveden, et al., 2009).  

An LCA study consists of four different phases, which are; 

 Goal and scope Definition 

 Life cycle inventory (LCI) 

 Life cycle impact assessment (LCIA) 

 Life cycle interpretation (ISO, 2006a). 

A scheme of the LCA framework is shown in Figure 3. The following subsections describe the different 

steps in an LCA study. 

 

Figure 3; the framework of LCA (ISO, 2006a). 
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2.1.1 Goal definition 
The goal definition intends to define a goal for the LCA as well as to identify the reason for conducting the 

study and the intended application and audience (ISO, 2006a).  

2.1.2 Scope definition 
The scope of the study should be well defined in order to ensure that the width, depth and detail of the 

study are well-suited and adequate to address the stated goal (ISO, 2006a). This activity includes the studied 

product system, as well as the function of it. Furthermore, a functional unit needs to be defined. The 

functional unit gives a reference to which the inputs and outputs are related (Curran, 2015, p. 23). It is a 

quantified description of the provided service given by the product system and is determined by the goal of 

the study and the research question (Curran, 2015, p. 24).  

System boundaries 

The next step in the scope definition is to determine the system boundaries which should capture all stages 

and operations that are required for the functional unit that has been chosen for the study (Curran, 2015, p. 

28). It is necessary to define system boundaries to know which life cycle stages that need to be included in 

the analysis (Curran, 2015, p. 29). Geographical and time boundaries should be described for the 

representative geographical region as well as the time period, for the study to be applicable. Furthermore, 

underlying assumptions and limitations should be clearly described as well as required cut-off criteria (ISO, 

2006a). The cut-off criteria decide which inputs are to be included in the assessment such as mass, energy 

and environmental significance (ISO, 2006b).  

Selection of impact categories 

In the scoping process, the impact categories that will be included in the results need to be identified since 

this effects the data collection requirements (Curran, 2015, p. 29). A selection of impact categories should 

be carried out in this stage. The impact assessment categories should be connected to the possible impacts 

and effects to the entities that are aimed to be protected. These areas of protection are commonly natural 

resources, natural environment and human health. It is important that the selection of impact categories is 

consistent with the goal and scope of the study (ISO, 2006b). 

Some common impact categories in LCA are; 

 Climate change 

 Ozone layer depletion 

 Acidification 

 Eutrophication 

 Human toxicity 

 Ecotoxicity 

 Depletion of energy carriers 

 Depletion of material resources 

 Land use impacts 

 Water use impacts (Curran, 2015, p. 144). 

As an example, climate change is expressed as global warming potential (GWP), which is a measurement of 

the climate impact from different greenhouse gases (Solomon, et al., 2007). The most important greenhouse 

gas is water vapor, followed by carbon dioxide (CO2). Other important greenhouse gases are methane, 

nitrous oxide and ozone. As a reference for comparison, carbon dioxide has been given the value 1 shown 

in Table 1. The other important greenhouse gases are related to this number and can thereafter be 

summarized to a value with the unit CO2 equivalents (CO2-eq). The values can be shown for different 

periods of time, where the most common period is 100 years, which shows the global warming potential 

for this time.  
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Table 1; lifetime, radiative efficiency and GWP values for the most important greenhouse gases (Solomon, et al., 2007). 

Industrial 
designation or 
common name 

Chemical 
formula 

Lifetime 
[years] 

Radiative 
efficiency [W 
m-2 ppb-1] 

Global warming 
potential (GWP) for 
given time horizon 

SAR 
(100 
yr) 

20-
yr 

100-
yr 

500-
yr 

Carbon dioxide CO2 - 1.4*10-5 1 1 1 1 

Methane CH4 12 3.7*10-4 21 72 25 7.6 

Nitrous Oxide N2O 114 3.03*10-3 310 289 298 153 

 

2.1.3 Life cycle inventory (LCI) 
The life cycle inventory analysis describes the input and output data for the studied system, and includes the 

required data collection (ISO, 2006a). This is an iterative process, meaning that as when more is learned 

about the system, new data requirements or limitations may be identified. This could require a change in the 

data collection procedure to ensure that the goal of the study will be fulfilled. It could also lead to 

adjustments of the goal or scope of the study. The collected data could be measured, calculated or estimated 

(ISO, 2006b). There should be a description of the data collection and the required calculation techniques 

in the LCA report.  

Transparency is necessary, including the use of proper references, details about time when data was collected 

and other important information about data quality (ISO, 2006b). It is important to strive for uniform and 

consistent understanding of the modelled product system, since the collection of data may span several 

reporting locations, times and references.  

There is a need to reflect on allocation procedures when considering systems involving multiple products 

and recycling systems (ISO, 2006a). It is uncommon that industrial processes gives a single output or are 

based on a linearity of raw material inputs and outputs. According to ISO 14044, the allocation procedure 

should be carried out as follows (ISO, 2006b); 

1. Avoid allocation where possible. 

2. Where allocation cannot be avoided, divide the inputs and outputs between different products or 

functions in a way that reflects physical relationships. 

3. Where physical relationships alone cannot be used, perform the allocation based on other 

relationships.   

2.1.4 Life cycle impact assessment (LCIA) 
The purpose of the life cycle impact assessment is to help the user to understand and evaluate the magnitude 

and significance of the potential environmental impacts for a product system during the lifecycle (Curran, 

2015, p. 138). This process implies to understand the impacts by associating inventory data with specific 

environmental impact categories and category indicators (ISO, 2006a).  

The LCIA phase is a base for the life cycle interpretation phase, which is the final step in an LCA study 

(ISO, 2006a). Transparency is crucial in the LCIA phase since subjectivity may be introduced when working 

with issues such as choice, modelling and evaluation of impact categories. In this phase, a review of the goal 

and scope of the LCA may be included to determine if the objectives of the study have been achieved or 

not. This is an iterative process, and the goal and scope may be modified if the objectives have not been 

properly fulfilled.  

2.1.5 Life cycle interpretation 
The final step of an LCA study is the life cycle interpretation, where the results of the LCI or LCIA, or both, 

are identified, quantified, checked and evaluated (Curran, 2015, p. 226). The aim of this is to provide an 

understandable, complete and consistent presentation of the LCA results in accordance with the defined 
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goal and scope of the study (ISO, 2006a).  This will form a foundation for the conclusion of the study. 

Furthermore, limitations should be explained and recommendations should be provided. 

2.2 LCA in the building sector 
The application of LCA in the building sector is fairly recent although the tool has been used in other 

industries for a long time (Singh, et al., 2011). LCA can for instance be utilized in the building sector as a 

support for the selection of building materials (Erlandsson & Borg, 2003) (Malmqvist, et al., 2010). It is a 

robust and useful tool for decision-making, in order to reach the goal of a sustainable society (Erlandsson 

& Borg, 2003). However, despite the fact that the LCA methodology is controlled by international standards, 

it has not been completely implemented in the building sector. The reason for this is the perception that 

LCA demands high amount of data and work time which leads to high economic costs (Malmqvist, et al., 

2010). Furthermore, LCA is regarded to demand a high degree of knowledge and is generally perceived as 

complex, especially considering the interpretation of results.  

Buildings are complex products, resulting in the fact that it is more difficult to perform an LCA on a building 

compared to other products and processes (Buyle, et al., 2013). A building is often assumed to have a 

lifespan of 100 years, however uncertainties arise from several of components within the building having 

different lifespans. Material use and processes, the uniqueness of each building, the varying distance to 

factories as well as the evolution of functions over time due to maintenance and renovation also contribute 

to uncertainty. LCA studies on buildings are challenging, since many assumptions are required, resulting in 

higher uncertainty, which influences the results. Although, interest in implementing LCA in the building 

sector is increasing to allow for the possibility to optimize environmentally favorable design solutions that 

consider the impacts caused during the entire lifecycle of a building (Malmqvist, et al., 2010). LCA evaluates 

the embodied energy in the building materials, the amount of energy use, transports and the benefits of 

recycling. 

Figure 4 illustrates a simplified, schematic view of the lifecycle of a building. 

 

Figure 4: the lifecycle stages of a building (Malmqvist, et al., 2010). 

The lifecycle of a building begins with the production of building materials which are transported to the 

building site. This is followed by the construction of the building and thereafter the use phase begins. The 

end-of-life stage includes the demolition of the building as well as transport to the waste treatment followed 

by final disposal. Supplementary information beyond the lifecycle analysis may also be included. 

Maintenance and replacement are included in the use phase, but maintenance is in many LCA studies, given 

brief attention and regular assumptions are normally used (Grant, et al., 2014). Although the maintenance 

contributes to a relative small part of the total lifecycle of the building, changing requirements and incorrect 

assumptions in the modeling of a system could affect the LCA results. In order to select sustainable building 

materials, based on LCA results, the maintenance impacts from the materials should be included. 

There is limited research on the climate impacts from maintenance of buildings and it is as previously 

mentioned a part that is not always given much attention in building LCA studies (SETAC, 2003). The 

maintenance aspect has been taken into account in a few LCA studies concerning different maintenance 

scenarios for floor coverings (Paulsen, 2003) (Thabrew, et al., 2008) (Jönsson, et al., 1997). Another LCA 

study has been carried out concerning climate impacts from the use phase and required maintenance work 

for heating and ventilation systems in Dutch dwellings (Blom, et al., 2010). In a study performed for the 
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building project “Blå Jungfrun” located in southern Stockholm in Sweden, different scenarios for 

maintenance and lifespans of the building have been evaluated (Liljenström, et al., 2015).  

2.2.1 LCA as a tool for maintenance and replacement planning 
A robust LCA demands for high quality data and should be carried out transparently, to enable comparison 

with other building LCAs (Erlandsson & Holm, 2015). Nowadays, there is a lack of accessible data of 

durability for building components, which is needed in order to carry out robust LCAs. The durability data 

needs to be improved as well as the method for how this data should be used in building LCAs and be 

connected to the lifespan of a building. This could bring more focus into the maintenance in building LCAs 

and also improve the calculation of costs for the lifecycle of a building, a so-called LCC. An approach for 

solving this issue has been evaluated in a study by Erlandsson and Holm 2015, which presented suggestions 

of template values for maintenance which could be used in building LCAs. However, it is recommended 

that data from manufacturers is used if available. If data from manufacturers is used, it would be possible 

to compare this data with the template data. In this manner, comparability and increased understanding to 

choose data directly from manufacturers could be achieved. 

Introducing LCA in the design phase of a building is preferable since this is the phase where the building 

materials are selected. However, problems that arise in the early stages depend on the great variety of 

available building solutions, but it is not always a guarantee that the data required for the LCA is available 

at that time (Malmqvist, et al., 2010). As the process proceeds, decisions are made which enables to conduct 

a high quality LCA, but the possibilities for alternative designs are limited, which is shown in Figure 5. 

 

Figure 5; a general picture of the relationships between choice options and availability of data in the design phase of a building (Malmqvist, et al., 2010). 

To solve this issue, more information about alternative options is required early in the design phase of a 

building (Malmqvist, et al., 2010). Simplifications of calculations as well as a toolbox with a set of calculated 

results could also be helpful. Computer programs such as Building information modelling (BIM), is also an 

option.  

Estimating the maintenance, repair and replacement during the lifecycle of a building is a process called 

service life prediction (Grant, et al., 2014). The International Organization for Standardization has 

conducted standards for prediction of service life, the ISO 15686, which consists of eight sections (ISO, 

2003). According to this standard, the knowledge and skills of the person or organization who undertakes 

the responsibility for the service life prediction will be crucial for the credibility of the planning. It is 

recommended that a group of people with the necessary knowledge regarding lifespan, design, construction 

and maintenance participate in the early stages. 

The purpose of service life prediction is to ensure that the estimated service life of the building or the 

building components will be at least as long as the designed lifespan of the building (ISO, 2003). The goal 

for most contractors will be to guarantee that the most profitable combinations of capital-, maintenance- 
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and operation costs will be received during the service life of the building. The result of the service life 

prediction is a presentation of predicted lifespans for different building components combined with a 

timeline of expected maintenance work and replacements. This will contribute to support the design 

process, ease the planning of future maintenance work and reduce the amount of unnecessary waste. The 

constructor should be well-informed about the estimated lifespans as well as the maintenance and 

replacement plan. It is possible to add a plan of costs for the maintenance plan, where some space for 

unforeseen maintenance should be included. 

2.3 Environmental product declaration (EPD) 
A further step for increased sustainability is a document which declares the impacts from the lifecycle of a 

product, an environmental product declaration (EPD). An EPD is a verified and registered document that 

presents the environmental performance of a product’s lifecycle (Environdec, u.d.). An EPD is based on 

LCA, which is performed according to international standards (Erlandsson, 2011). An increasing demand 

for regulation led to that standards were needed for EPDs as well. EPDs are controlled by a set of operating 

rules, known as product category rules (PCR) (Bovea, et al., 2014, p. 126). The PCR defines specific 

guidelines and requirements for the development of the LCA study which enables for environmental 

indicators to be obtained for different impact categories. For building products, a specific PCR was carried 

out in order to ensure that all information used in LCAs or EPDs is based on the same inventory 

methodology (Erlandsson, 2011). The framework for an EPD is shown in Figure 6 and is briefly explained 

below. 

 

Figure 6; the framework for an environmental product declaration (EPD) (Erlandsson, 2011). 

The framework that regulates EPDs is EN 15804, which is a framework of how a PCR document for 

building products should be carried out (Erlandsson, 2011). The basis for this has been the international 

PCR framework for building products, ISO21930, that complements ISO 14025 which is the framework 

for Type III environmental declarations (Bovea, et al., 2014, p. 126). ISO 14040,-44 is the standard the 

procedure of LCAs which is the basis for an EPD. A programme operator is the actor that conducts the 

declarations, which could be for instance one or several companies, public authorities or an independent 

scientific organization (SIS, 2013). The declarations are optional and are mainly aimed at business-to-

business communication but can also be used for business-to-consumer communication (Bovea, et al., 2014, 

p. 126). The basis of the declaration is independently verified systematic data meaning that a third party 

should evaluate the quality and validity of the used data with respect to the scope and functional unit of the 

underlying LCA. The presentation of the declarations is a set of indicators which are related to different 

impact categories that describes the environmental performance of the product.  



11 
 

3 Method 
The methods used to answer the research question of this study are LCA and a cost analysis. The LCA has 

been carried out in accordance with the description of LCA, presented in section 2.1.  

First, a basic scenario has been created which describes the current state of the chosen building materials 

for the roof, façade, windows and balconies in Folkhem’s planned building in Stadshagen. Different 

lifespans of the building itself as well as the required maintenance and replacement have been modelled in 

different scenarios. Thereafter, hotspots from the basic scenario have been identified, which are the 

processes with the highest potential climate impacts. The hotspots have been further analyzed in sensitivity 

analyses, where for instance other building materials for the chosen building components have been 

analyzed. Finally, a simplified cost analysis has also been carried out. 

Different lifespans of the building have been modelled, which were 50-, 70- and 100 years. A normal lifespan 

of a timber structure is 50 years. Usually, 100 years is the lifespan that buildings are dimensioned for.  To 

evaluate the differences in climate impacts and costs within this span, a lifespan of 70 years have also been 

modelled.  

3.1 Goal of the LCA 
A description of the aim and objectives and the intended audience of the study and the research question 

are presented in section 1.3-1.5. However, a short reminding section is presented here with some additional 

information since this is the initial activity in the LCA methodology presented in section 2.1.1. 

The goal of this LCA is to evaluate the potential climate impacts and costs for different scenarios of building 

lifespans with respect to maintenance and replacement of selected exterior building components in timber 

buildings. Based on this, a conclusion will be made, whether if it is possible to use LCA as a tool for 

maintenance and replacement planning. The study will be a cradle-to-grave, stand-alone LCA since different 

lifespans and maintenance and replacement scenarios will be analyzed for a single system. Furthermore, the 

study will be performed as attributional LCA, using average data, since the current state of the system will 

be described.  

The reason for carrying out this study is that Folkhem has shown interest to gain more knowledge about 

the potential climate impacts and costs for maintenance and replacement in their timber buildings. The 

study will also be performed since minor concern is taken to the maintenance and replacement part of the 

lifecycle of a building where general assumptions often are used. The intended use of the results from this 

study is to provide guidance of how LCA could be used to make sustainable choices of building materials, 

with respect to the climate impacts for maintenance and replacements.  

3.2 Scope of the LCA 
The scope of the study includes a description of the studied 

system, the functional unit, system boundaries, selection of 

impact categories and data quality requirements, which is 

presented in this section. 

3.2.1 Description of the System 
The studied system is Folkhem’s planned building project that 

will be located in Stadshagen in Stockholm. The project consists 

of two buildings; of which one has been analyzed in this study. 

The main part of the building will be made of wood (Folkhem, 

2015). Important values of areas of the building, which are used 

in the study are presented in Table 2. An illustration of the 

building is shown in Figure 7. 

 
Figure 7; an illustration of one of Folkhems future 
timber buildings in Stadshagen in Stockholm (source: 
drawings from Folkhem). 
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Table 2; Area measurements of the building (Folkhem, 2015). 

Area Size [m2] Description 

Atemp 2857 The internal floor area which is 
heated to >10ºC. 

GFA 3174 The gross floor area, which is 
the sum of the entire floor area 
in the building. 

BA 300 Building area, which is the land 
occupied by the building. 

   

The amounts of building materials in the building are presented in Figure 8 whereas a detailed table of the 

including building materials is presented in Table 9 in Appendix A. Information about the material 

properties is presented in Table 12 in Appendix B. 

 

Figure 8; a presentation of the including building materials in weight percent for one of Folkhem's planned timber buildings in Stadshagen in Stockholm. 

3.2.2 Limitations 
The focus of the study was to evaluate the environmental impacts from the required maintenance and 

replacement of four chosen building components of the building in Stadshagen. The following building 

parts were chosen after discussion with Folkhem; 

 Roof 

 Façade 

 Windows 

 Balconies. 

These parts were chosen due to the exposure to the exterior environment and since maintenance and 

replacement are required. 

3.2.3 Functional unit 
The functional unit for this LCA study was set to 1 m2 temperature controlled space, Atemp, of an apartment 

block with a reference study for 50 years lifetime. 

Building materials [weight-%]

Concrete

X-lam and gluelam

Wood (except X-lam and gluelam)

Gypsum

Surface layers (walls, floors, ceiling)

Insulation

Windows and window doors

Doors

Reinforcement

Galvanized steel

Plate

Other products

Macadam
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3.2.4 System boundaries 
Figure 9 presents the activities that are included in the lifecycle of a building (SIS, 2013). Module A1-A3 

represents the product stage, including raw material acquisition, transport and manufacturing. This is 

followed by module A4-A5 which includes the transport of materials to the construction site and the 

construction process itself. Module B1-B7 represents the use phase which is the operational phase of a 

building. The last module is C1-C4, which represents the end-of-life stage. Supplementary information 

beyond the lifecycle analysis may be included as shown in module D. 

The system boundary of this study is module A1-A5, B2, B4, B6 and C1-C4 which are marked with bold 

font in Figure 9. The B2 and B4 modules are the focus of the scenarios included in the analysis.  

Building assessment information 

 
 

Building life cycle information 

Supplementary 
information 
beyond the 
building life 
cycle 

Product stage 
(A1-A3) 

Construction 
stage (A4-A5) 

Use stage (B1-B7) End of life stage 
(C1-C4) 
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Figure 9; activities included in the lifecycle of a building, where the lifecycle stages included in this study are marked in bold font (Folkhem, 2015). 

Geographic boundaries 

The geographical boundary of the study is Sweden, since the study has been carried out to reflect the 

Swedish conditions regarding for instance the energy use.  

Time boundaries 

The environmental data used in this study is mostly collected from EPD’s, which were carried out in the 

last five years and have expiration dates within five years. Swedish building product declarations were carried 

out within ten years. Technical literature used for the study covers the last 20 years and is seen as reliable 

since no other data could be found. The majority of data used in the study is not older than ten years. 

However, when the required data could not be found within this time boundary, older data has been used.  

Since there is limited research of the maintenance phase in the lifecycle of a building, it is possible that more 

research will be carried out within the near future. Therefore, this study is assumed to be applicable for ten 

years, since the data used is considered to span for this time. 
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Cut-off Criteria 

Included and excluded processes in the LCA study are presented in Table 3. The excluded processes have 

been omitted due to lack of data, irrelevancy for the study or since the contribution of impacts are regarded 

as small. 

Table 3; included and excluded processes of the LCA. 

Lifecycle 
module 

Included processes Excluded processes 

A1-A3 - Raw material acquisition. 
- Transports within the production site. 
- Material production. 

 

A4 - Transport of materials from the 
production site to the construction 
site in Stadshagen in Stockholm. 

- Transportation of people working at the 
construction site. 

 

A5 - Energy needed for the use of building 
machines. 

- Waste produced in the building 
production. 

- Tools for construction. 
- Temporary buildings used by the 

building staff. 

B2 - A1-A3 for products needed for 
maintenance of chosen building parts 
of the study. 

- Transports of products needed for 
maintenance. 

- Transport of maintenance workers. 
- Tools for maintenance. 
- Cleaning before maintenance. 
- Removal of old paint before 

maintenance. 
- Oil treatment and window putty for the 

windows (small areas). 
- Waste 

B4 - A1-A3 for replacement of chosen 
building parts of the study. 

- Transports of materials needed for 
replacement. 

- Transport of replacement workers. 
- Tools for replacement. 
- Energy for demolition 
- Waste 

B6 - Energy needed for heating and hot 
tap water. 

- Household electricity. 

C1-C4 - Energy needed for demolition. 
- Transports from the construction site 

in Stadshagen to the waste treatment 
site. 

- Waste treatment. 

- Tools needed for demolition 

 

Not all declared building materials or building components that are needed for the construction of the 

building have been included in this study. The following materials or components were excluded, which 

were;  

 The elevator, since it was not considered to be relevant. 

 Interiors such as kitchen device, wardrobes, bathroom interiors, since these were not considered to 

be relevant. 

 Installations, due to lack of data. 

 Sealants, glue, silicone, due to lack of data. 

3.2.5 Assumptions  
This section presents the assumptions that were made for the maintenance and replacement of the building 

parts in focus. Assumptions made for building materials components and for the other lifecycle phases of 

the building are described in Appendix B. 
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Maintenance, B2 

 In all maintenance scenarios, a “worst case” was assumed. This means for instance that if an interval 

for required maintenance was specified, such as paint 2-3 times, the lower value was chosen. In all 

maintenance scenarios, the first painting was included. 

 100 % of the surface was assumed to be surface treated at each maintenance interval. 

 There was limited LCA data for paints, concerning both EPDs and data from Ecoinvent 3.2. The 

company Dulux, located in Great Britain, has carried out EPDs for some of their paints, which 

were considered to be more reliable than creating an own data set in SimaPro. The EPD contains 

environmental data for several of the company’s exterior colors and the most similar for this study 

is Dulux Weathershield quick dry exterior gloss medium base. It is a water-based paint applicable 

for exterior wood, primed metal and plastic. Therefore, this paint was used for the maintenance 

scenarios for the façade, roof, balcony deckings and windows. Furthermore, since Folkhem has not 

completely decided which maintenance products to use, it was seen as a valid assumption. 

 The primer used for the roof was assumed to be Dulux Drywall Primer Sealer. This is a primer 

used for interior areas but was regarded as similar to a primer used for exterior areas, and due to 

lack of data it was considered to be the most reliable choice for this study. 

 The products for maintenance were assumed to be transported by lorry, 3.7-7.5 metric ton 

environmental class EURO 4.  

 Surface treatments for the maintenance of the façade, roof and windows were assumed to be 

produced by Beckers, whose factory is situated in Nykvarn in Sweden (Tikkurila group, u.d.). 

 The maintenance product for OrganoWood is produced in Täby (Hamlin, 2016a). 

 The maintenance of windows was assumed to only consider the window frame, which is the only 

area of the windows that have been considered for maintenance in this study. The size of the 

windows in the window EPD used for this study had the measures 1.23*1.48 m (Norgesvinduet 

Kompetanse AS, 2016a). The frame was assumed to be 60 mm wide, which is assumed to be a 

standard dimension of window frames. Therefore, the total window frame area for maintenance 

was assumed to be: (0.06*1.23*2) + (0.06*2*(1.48-(2*0.06)) = 0.3108 m2. 

 For the maintenance of balconies, it was only the wooden decking that was accounted for since it 

is directly exposed to the exterior environment.  

Replacement, B4 

 When an interval was given for the lifespan of a building component, for instance 30-50 years, the 

lower value was chosen, to show a worst case scenario. 

 For the replacement of the façade, it was decided that 60 % of the total surface would be replaced 

at each interval (Johnson, 2016a). This was due to the fact that if correct maintenance is carried out, 

it would not be necessary to replace the entire façade each time. Correct and regular maintenance 

was assumed to increase the lifespan of the façade which is why this assumption was made for this 

study. This assumption was made for all the remaining building components (roof, windows and 

balconies) in the basic scenario with the same motivation. 

 The transport distance of the materials for replacement is unique for each material since it is the 

distance from the production to the building site that is accounted for. The transportation means 

are assumed to be the same as in module A4 (transport from production to the building site), shown 

in Table 20 in Appendix E. 

 In the replacement scenario, only the exterior parts were considered to be replaced. For instance, 

when replacing the roof, only the roof cover was considered. The load-bearing structure and 

materials underneath was omitted. 

 For the balconies, replacement for both the wooden decking and the rubber sheet were accounted 

for in this study. 
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3.2.6 Selection of impact categories and impact assessment method 
The selected impact category was climate change due to the fact that the building sector contributes to a 

large part of greenhouse gas emissions. This is expressed as GWP, global warming potential. A further 

description of GWP is presented in section 2.1.2. 

3.2.7 Data quality  
Information about the building materials and the quantities of each material has been gathered from 

drawings of Folkhem’s planned building in Stadshagen. When data gaps have appeared, for instance when 

the complete dimensions of a building material was not specified, information from Folkhem’s EPD has 

been used. In some cases, all information about material dimensions were not available neither in drawings 

nor in Folkhem’s EPD. In those cases, information from websites of manufacturers of those building 

components has been used. Information about the build-up of different pre-fabricated CLT-elements from 

the manufacturer Martinsons’ have also been used. 

Two sources of information have been used to collect LCA data for the study; EPDs and the LCA database 

Ecoinvent 3.2, available in the LCA software SimaPro. A lot of EPDs were available for different building 

materials, which have been the primary source of information since these are considered to be of high 

quality. Some of the EPDs were Swedish but most were made in Norway or Germany, however these are 

seen to be applicable for Swedish conditions. In some cases, EPDs from other countries have been used, 

for instance the United States. For the materials or processes where EPDs were not available, the LCA 

database Ecoinvent 3.2 has been used to fill the data gaps which was accessed by the software SimaPro. For 

almost all processes or material modelled in this software, data for European conditions have been used, 

but when this was not available, global data has been used. 

Information about lifespans and the required maintenance for the chosen building parts have been collected 

from technical literature, interviews with Swedish manufacturers and from information on manufacturer’s 

websites. Interviews with Folkhem have also been carried out to receive information about maintenance. 

Swedish building product declarations have been used to collect information about lifespans and waste 

treatments. 

The waste scenario is based on Swedish goals for waste when no other data could be found. Data for 

Swedish electricity and heating has been used to reflect the geographic scope.  

3.2.8 Allocation procedures 
This section presents the allocation procedures that have been carried out in the study. 

 Linseed oil; the calculations for allocation for the production of linseed oil is presented in Table 

17-Table 19 in Appendix E. 

 Transports; all transports in the study have been allocated due to mass. Data for the transports 

have been collected from Econinvent 3.2 in SimaPro, where the unit for the transports was ton-

kilometers. The datasets used for transports are presented in Table 20 and Table 22 Appendix E. 

 EPDs; physical allocation has already been executed in the EPDs that have been used in the study.  

 Maintenance and replacement; for the maintenance and replacement work, only the area of the 

façade, balcony decking and the roof have been considered. For maintenance of the windows, only 

the area of the window frames has been considered since this is the most important part for 

maintenance. The weight of the paint and replaced materials have been accounted for when 

calculating the impacts from transports to the building site when maintenance or replacement is 

carried out. 

3.3 Life cycle inventory 
This section presents the data that has been gathered and used to perform the LCA. Gathered information 

for all lifecycle stages in the study except for the areas in focus, maintenance and replacement, are presented 

in Appendix F. The data used for the cost analysis is presented in Appendix H. 
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3.3.1 Maintenance (B2) and replacement (B4) 
Information about the maintenance and replacements of the chosen building components roof, façade, 

windows and balconies have been gathered in the following manner: 

- Interviews with Nina Johansson, project manager at Folkhem 

- Interviews with manufacturers of building materials 

- Information from manufacturer’s websites 

- Information from technical literature 

- Swedish building product declarations 

- Environmental product declarations. 

A short summary about the respective building component concerning durability, maintenance and lifespan 

is presented in the following subsections. 

Façade 

The façade cladding will be made of pine impregnated with boiled linseed oil. This type of impregnated 

wood is dimensionally stable and useful when a less frequent maintenance interval is requested (Alvdal 

Skurlag AS, 2015). The oil used for impregnation contains brown pigments, which protects the wood from 

degradation of UV-light. The process of impregnation is called Royal process, which means that the wood 

firstly is impregnated with an impregnation product; thereafter the wood is impregnated with hot oil in 

vacuum for a few hours (Träguiden, 2003d). 

Pine is moderately resistant to rot fungus according to EN 350-2 (Svenskt Trä, 2013). Linseed oil, a 

hydrophobic and organic chemical, is traditionally used as surface coating, but can also be used as a wood 

preservative (Megnis, et al., 2002).  Linseed oil has extremely small molecules that fill the cavities between 

the cells, providing a high protection against moisture (Svenskt Trä, 2013).   

With time, the oil closest to the surface will degrade, therefore maintenance is required. Maintenance with 

oil every 6-20 years is required to ensure the quality of the wood, but for cosmetic reasons, the surface 

should be treated every 2-3 year. After correspondence with Folkhem, it was assumed that a maintenance 

interval of 6-20 years should be used for this study since it is most likely that this interval would be used in 

reality (Johansson, 2016a). A wooden façade should be replaced after 40 years, which was the lifespan that 

was accounted for in this study (Boverket, 2009). The assumed product for maintenance was Beckers Perfekt 

Impregneringsolja. The properties per liter of this surface treatment are presented in Table 4. The 

information was gathered from Becker’s website and from personal communication with one of Beckers 

supporting agents (Beckers, 2016a). 

Table 4; properties of Beckers Perfekt Impregneringsolja (Beckers, 2016a). 

Beckers Perfekt Impregneringsolja 

Wet weight Consumption 

0.35 kg/l 5 m2/l 

 

Roof 

The roof covering will be made of plate. Folkhem has not yet decided what kind of plate that will be used, 

therefore one of the most common material for plate roofing was used in this study which is steel plate 

(Björk, 2005). An aspect that is crucial for maintaining the function of the roof covering is the fact that the 

length dimensions changes as a result of temperature floating. It is important that the roof covering is 

designed to meet this requirement. Furthermore, the plate surface needs protection from corrosion, which 

demands a well-functioning painting treatment. Corrosion attacks are the most common reason for damage. 

Wearing in the seams may also cause damage and aging leads to stiff and spread materials.  
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A lifespan of 40 years may be expected for a roof covering made of steel plate (Plannja, 2011). It is important 

to carry out regular inspections and required maintenance on the roof covering (Björk, 2005). A roof with 

normal exposed conditions, which was assumed in this study, needs maintenance every 15 years. 

Since Folkhem has not chosen the type of plate that will be used for the planned building, assumptions have 

been made. The assumed paint used for maintenance was Beckers water based roof plate paint (Beckers, 

u.d. a)). Before applying the paint, a primer should be applied, in this case Beckers metal primer V was 

chosen (Beckers, u.d. b)). Table 5 presents the properties per liter of the chosen primer and paint. The 

primer is assumed to be applied with the same maintenance frequency as the paint, which is 15 years. The 

information was gathered from Beckers website and from personal communication with one of Beckers 

supporting agents (Beckers, 2016a).  

Table 5; properties of Beckers plate roof paint (Beckers, 2016c). 

Beckers metal primer 

Wet weight Consumption 

1.1 kg/l 5-6 m2/l 

  

Beckers plate roof paint 

Wet weight Consumption 

1.26 kg/l 5-6 m2/l 

 

Windows 

Three-pane wooden windows are planned to be installed in the building. This type of windows are widely 

used and can be made of high quality which fulfills demands regarding air tightness, sound and heat 

insulation and economy (Träguiden, 2003b). The frames are made of wood, which is a renewable material 

with relatively low impacts on climate change compared to other building materials (The Wood Window 

Alliance, 2016). In order to reduce future maintenance work, it is important from the beginning to install a 

well dried window which is constructed and surface treated correctly (Träguiden, 2003b). This gives the 

wood a low and even moisture content which will have positive effects on the required maintenance work. 

The need for maintenance varies depending on aspects such as the placement of the window in the wall, 

the climate, the cardinal direction, the construction of the window and the surface treatment (Träguiden, 

2003b). Annual inspections should be carried out to avoid damages from rot and other organisms. It is also 

important with regular cleaning of the windows to keep off dirt and spores of mold. The surface moisture 

content should not be higher than 16 % when maintenance work begins. The lower part of the window is 

especially exposed to moisture, therefore regular inspections are recommended.  

A life span of 30-50 years can be expected for wooden windows (Burström, 1999). The surface treatment 

of the windows has not yet been decided but according to a project manager at Folkhem, the windows will 

probably be coated with a glaze (Johansson, 2016a). A glaze treated surface requires more maintenance 

compared to a covering paint since the protection against UV-light is not as high as for a paint (Träguiden, 

2003b). However, the maintenance is easy and inexpensive. Thick coatings of glaze may flake if regular 

maintenance has not been carried out. Maintenance should be carried out every 2-5 year. 

The assumed product for surface maintenance of the windows was a glaze used for façades, since this type 

of glaze can be used both on façades and other exterior joineries, for instance windows. Information about 

the maintenance frequency of the surface treatment was gathered from the manufacturer Caparol (Caparol, 

2015). The surface was assumed to be sawn and the glaze should be applied in 1-2 coats. The properties per 

liter of the glaze are presented in Table 6. The information was gathered from personal communication with 

one of Beckers supporting agents (Beckers, 2016a). 
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Table 6; properties of Beckers facade glace (Beckers, 2016a). 

Beckers façade glaze 

Wet weight Consumption 

0.35 kg/l 4-7 m2/l 

 

Balconies 

The load-bearing structure of the balconies in the planned building will consist of elements of cross 

laminated timber (CLT). CLT panels consist of glued layers of lumber that are placed crosswise (Karacabeyli 

& Douglas, 2013). The cross-lamination provides dimensional stability, which makes it possible to make 

pre-fabricated, long and wide elements. Furthermore, the cross-laminating process generates high in-plane 

and out-plane strength and stiffness properties which also increases the splitting resistance of the CLT. 

The CLT elements in the balconies are covered with an EPDM-rubber sheet, impregnated battens and 

finally a wooden decking (Lindgren, 2016a). The wooden decking consists of OrganoWood which is made 

of Swedish pine impregnated with natural minerals such as silicon (OrganoWood, u.d.). Compared to the 

standard impregnation of wood, where heavy metals are used, OrganoWood does not generate such negative 

environmental impacts. The impregnation is similar to the natural fossilation process, where wood is 

transformed into fossil. The silicon substance protects from rot fungus and generates flame protection since 

the silicon substances are non-combustible. 

According to the technical manager at the CLT-manufacturer Martinsons, the most critical parts when 

considering maintenance for the balconies are the rubber sheet and the wooden decking (Lindgren, 2016b). 

The rubber sheet protects the CLT-element from moisture intrusion. If the function of these parts is 

maintained, the CLT-element will last for a very long time. Due to this, the rubber sheet and the wooden 

decking were in focus in this study for maintenance of the balconies.   

The wooden decking of the balconies has a lifespan of at least 25 years (Byggvarubedömningen, 2015). The 

decking should be treated with OrganoWood Träskydd 02: Smuts- och vattenskydd, which is water based, 

every 2-3 year (OrganoWood, u.d.). 1-2 coats should be applied at each maintenance interval (OrganoWood, 

2015). The properties per liter of this product were gathered from personal communication with the 

managing director at OrganoWood, which are presented in Table 7. Regular cleaning of the decking should 

be carried out between the maintenance intervals. The rubber sheet has a lifespan of 25 years and no 

maintenance is needed (Lindgren, 2016b).  

Table 7; properties of OrganoWood Träskydd 02: Smuts- och vattenskydd (Hamlin, 2016b). 

OrganoWood Träskydd 02: Smuts- och vattenskydd 

Wet weight Consumption 

1 kg/l 1 m2/l 

 

A summary of the building materials, maximum lifespan and required maintenance work for the roof, 

façade, windows and balconies in the basic scenario is presented in Table 8. 
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Table 8; Description of material, lifespan and maintenance for the basic scenario 

Basic scenario 

Building 
Component 

Building 
Material 

Maximum Lifespan Maintenance Work 

Roof Steel plate 40 years (Plannja, 2011)  Repainting every 15 years with 
plate roof paint (Björk, 2005).  

 1 layer of primer should be 
applied before the plate roof 
paint, which should be applied in 
2-3 coats (Beckers, 2016b).  

Façade  Pine impregnated 
with boiled linseed 
oil  

40 years (Boverket, 
2009) 

 1 layer of oil every 6-20 year 
(Alvdal Skurlag AS, 2015). 

Windows 3-pane windows 
with wooden 
frames 

30-50 years (Burström, 
1999) 

 Repainting with wooden glaze 
every 2-5 years (Träguiden, 
2003b). 

 1-2 coats should be applied at 
each occasion (Caparol, 2015). 

Balconies Load-bearing 
structure of CLT 
covered with a 
rubber sheet and 
wooden decking. 

 25 years for the 
rubber sheet 
(Lindgren, 2016b). 

 25 years for the 
wooden decking 
(Byggvarubedömni
ngen, 2015). 

 Paint the wooden decking with 
OrganoWood Träskydd 02: 
Smuts- och vattenskydd every 2-3 
year (OrganoWood, u.d.).  

 2 coats should be applied at each 
occasion (OrganoWood, 2015). 

 

3.4 Life cycle impact assessment 
The chosen impact category in this study was climate change, which is expressed as global warming 

potential, GWP. To evaluate the environmental impacts, values for global warming potential has been used 

for each material and process in the life cycle of the building.  

As mentioned earlier, most of the data has been collected from EPDs whereas the rest has been collected 

from the LCA database Ecoinvent 3.2. Tables of all materials and processes used in the study with the 

respective GWP-value are presented in Appendix E. 
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4 Results 
This section presents the results of potential climate impacts and costs for the total building of different 

lifespans. The LCA results from the basic scenario are presented first. After evaluating the magnitude of the 

potential climate impacts from this scenario, hotspots were identified which have been further analyzed in 

sensitivity analyses. Furthermore, results from the economic analysis are also presented in this section. 

4.1 Basic scenario 
Figure 10 presents the potential climate impacts on climate change for the three lifespan scenarios of the 

building, 50-, 70- and 100 years. Module A1-A5, B6 and C1-C4 have the exact same values for all three 

lifespan scenarios. This is since the focus of this study was the maintenance (B2) and replacement (B4), 

which have different values for the different lifespans of the building. The potential climate impacts from 

maintenance and replacement includes impacts from the sensitive parts of the building components in focus; 

the façade, roof, windows and balconies. 

 

Figure 10; a presentation of the total potential climate impact from the included building phases in the LCA study. 

The results from the basic scenario show that the potential climate impacts from both maintenance (B2) 

and replacement (B4) increased with increased lifespan of the building. The potential climate impacts from 

maintenance were larger than for those from replacement. Furthermore, the potential climate impacts from 

maintenance were also larger than the impact from transports of materials to the construction site (A4) for 

a building with a lifespan of 100 years.  

Figure 11 presents the contribution of each building component concerning maintenance and replacement 

for the three lifespan scenarios of the building. For all lifespan scenarios, the potential climate impacts from 

the maintenance and replacement of the roof are small compared to the other building components. It was 

therefore not considered to be a hotspot and it was decided that no other scenarios should be further 

analyzed. 
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Figure 11; a presentation of the identified hotspots from maintenance and replacements in the basic scenario for the building components comprised in the 
study. 

With the basis of the results in Figure 11, the identified hotspots for all lifespan scenarios were: 

 Maintenance of the façade 

 Replacement of windows 

 Maintenance of balconies.  

Further studies have been carried out for these hotspots in sensitivity analyses, where different scenarios 

for each one have been analyzed. 

4.2 Sensitivity analysis 
The hotspots identified from the basic scenario have been analyzed in sensitivity analyses, which are 

presented in this section. Other materials for the building components have been modelled, to enable for 

comparison with the basic scenario. Furthermore, since the assumption of 60 % replacement of each 

building component was made for the basic scenario, a sensitivity analysis has been carried out to evaluate 

the impacts from other percentages of replacement. 30 % and 100 % replacement have been evaluated and 

compared with 60 % replacement, in order to evaluate the potential climate impacts from different 

percentages of replacement. An economic cost analysis have also been carried out for comparison with the 

basic scenario, in order to evaluate the economic consequences of maintenance work, change of building 

materials or by using different percentages of replacement. 

It should be noticed that for all sensitivity analyses, three scenarios of the lifespan of the building have been 

modelled, which are 50-, 70- and 100 years. Furthermore, for all maintenance scenarios it has been assumed 

that 100 % of the surface has been treated at each maintenance interval. The following subsections present 

the sensitivity analyses that have been performed. In all of the following scenarios, 30-, 60- and 100 % 

replacement have been modelled. 
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4.2.1 Cedar wood shingle façade, without maintenance  
Folkhem has installed cedar wood shingles, shown in Figure 12, as 

façade cladding for their previous project “Strandparken”. This 

material was chosen for a sensitivity analysis since it could be of 

interest to evaluate this material from a maintenance and replacement 

point of view for Folkhem’s previous and future projects. The façade 

in the “Strandparken” project was not treated with any surface coating 

and maintenance will not be carried out earlier than 50 years 

(Johansson, 2016c). The first sensitivity analysis will be based on this 

information, where no maintenance will be carried out, only 

replacement. This is due to the fact that a cedar façade has a lifespan of 40 years, therefore it was assumed 

that since maintenance was not carried out, replacement would be required. The assumptions and data used 

are presented in Appendix G. The result from this sensitivity analysis is presented in Figure 13. 

 

Figure 13; results from the sensitivity analysis, where the pine facade from the basic scenario is compared with a facade made of cedar wood shingles where 
no maintenance is carried out. 60 % replacement was still assumed for the basic scenario, whereas 30-, 60- and 100 % replacement have been modelled 

for the cedar wood shingles façade. 

The result from this sensitivity analysis showed the potential impacts on climate change from replacement 

increase significantly when using a cedar wood shingle façade compared to the pine façade in the basic 

scenario. The reason for this is because the cedar wood shingles need to be transported from the forests in 

British Columbia, Canada at each replacement interval. Since no maintenance was included for the cedar 

wood shingles façade, the basic scenario stands for the largest potential climate impact from maintenance. 

4.2.2 Cedar wood shingles façade, including maintenance  
For comparative purposes, another sensitivity analysis was carried out where maintenance was included for 

a cedar wood shingles façade. Also, other values for lifespans of the cedar wood shingles façade have been 

used in this scenario, meaning that the frequency of maintenance and replacement was modelled according 

to information from technical literature and from manufacturers. The assumptions and data used are 

presented in Appendix G. The result from this sensitivity analysis is presented in Figure 14. 
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Figure 14; results from the sensitivity analysis, where the pine facade from the basic scenario is compared with a facade made of cedar wood shingles where 
maintenance is included. 60 % replacement was still assumed for the basic scenario, whereas 30-, 60- and 100 % replacement have been modelled for the 

cedar wood shingles façade. 

Figure 14 presents the results from the analysis where the basic scenario was compared with a cedar wood 

shingles façade where both maintenance and replacement were included. The results from this analysis 

showed that the potential climate impacts from maintenance of the cedar wood shingles façade were almost 

of the same numbers as the basic scenario for all three lifespan scenarios, however a small reduction could 

be noticed. The potential impacts from maintenance have the same values for all three lifespans of the 

building, which is due to the fact that the percentage of maintenance, 100 %, was constant in all scenarios. 

The potential climate impacts from replacement were larger for all lifespans when using a cedar wood 

shingles façade, compared to the basic scenario, which is due to the transport from Canada. 

4.2.3 Aluminum coated wooden windows 
The three most common window types on the market today are 

wooden windows, aluminum coated wooden windows and PVC-

windows. Aluminum coated wooden windows, shown in Figure 

15, are wooden windows that are coated with aluminum on the 

exterior parts of the frame for increased durability. The lifespan of 

these windows is longer compared to regular wooden windows, 

and there is no need for as much maintenance. The aluminum may 

be painted in different colors to match the façade and the interior 

part is made of wood.  

Aluminum coated wooden windows were chosen for a sensitivity 

analysis since Folkhem wants to use as much wood as possible in 

their projects. Due to this, PVC-windows were omitted. The need 

of maintenance and replacement of aluminum coated wooden 

windows is smaller compared to wooden windows and was 

therefore considered to be a reasonable choice for this scenario. 

The assumptions and data used are presented in Appendix G. The 

result from this sensitivity analysis is presented in Figure 16. 
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Figure 16; results from the sensitivity analysis, where the wooden windows from the basic scenario are compared with aluminum coated wooden windows 
where no maintenance is needed. 60 % replacement was still assumed for the basic scenario, whereas 30-, 60- and 100 % replacement have been 

modelled for the aluminum coated wooden windows. 

Figure 16 presents the results of the third sensitivity analysis, where the wooden windows are replaced with 

aluminum coated wooden windows. Since no maintenance was required for aluminum coated wooden 

windows, no impact on climate change was discovered. The impact from maintenance for the wooden 

windows is included, but small and is therefore not visible in the figure. However, differences from the basic 

scenario were noticed regarding replacement. For all three scenarios of different percentage of replacement, 

except for a building with a lifespan of 70 years and 100 % replacement, the aluminum coated wooden 

windows generated lower values of potential climate impacts compared to the basic scenario. 

4.2.4 Thermowood wooden decking 
An alternative option of material for the wooden decking on the 

balconies is thermally modified wood, shown in Figure 17, which is 

referred to as thermowood. The heat treatment modifies the cell 

structure of the wood and removes internal nutrients, which increases 

the resistance to rot. Furthermore, water and resins are also removed 

in the heat treatment. The treatment only requires heat meaning that 

no chemicals are added and the process is therefore considered to 

generate less climate impacts compared to for instance pressure 

treated wood (Heatwood, 2016a). This material was chosen for a 

sensitivity analysis since it is a feasible wood-based alternative, 

appropriate for wooden deckings. The assumptions and data used 

are presented in Appendix G. The result from this sensitivity analysis is presented in Figure 18. 
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Figure 18; results from the sensitivity analysis, where the OrganoWood decking from the basic scenario is compared with thermowood where maintenance 
was included. 60 % replacement is still assumed for the basic scenario, whereas 30-, 60- and 100 % replacement have been modelled for the thermowood 

decking. 

Figure 18 shows the results from the sensitivity analysis where OrganoWood, used for balcony deckings in 

the basic scenario, was replaced with thermowood. Potential climate impacts from replacement increased 

significantly for all lifespans when using thermowood instead of OrganoWood. However, the potential 

climate impacts from maintenance decreased for all lifespans. The increased potential climate impacts for 

the replacement of thermowood could be explained by the fact that the lifespan of thermowood is shorter 

than for OrganoWood. 

4.2.5 Different percentage of replaced material 
This scenario was modelled to investigate the sensitivity of the results to changes in the assumption for the 

basic scenario that 60 % of the building component is replaced at each replacement interval, since correct 

and regular maintenance could increase the durability. The properties of this scenario is exactly the same as 

the basic scenario, the only numbers that have been changed is the percentage of replacement, which is 

changed from 60 % to 30 % and 100 % for all building components in focus of this study.   

 

Figure 19; a presentation of the differences in potential climate impacts for the wooden windows in the basic scenario, when modelling different lifespans 
and different percentages of replacement. 

0

50000

100000

150000

200000

250000

G
W

P
 [

kg
 C

O
2

-e
q

]

Sensitivity analysis - Thermowood decking

B4, replacement

B2, maintenance

0,00E+00

1,00E+04

2,00E+04

3,00E+04

4,00E+04

5
0

 y
ea

rs
, 3

0
%

5
0

 y
ea

rs
, 6

0
%

5
0

 y
ea

rs
, 1

0
0

%

7
0

 y
ea

rs
, 3

0
%

7
0

 y
ea

rs
, 6

0
%

7
0

 y
ea

rs
, 1

0
0

%

1
0

0
 y

ea
rs

, 3
0

%

1
0

0
 y

ea
rs

, 6
0

%

1
0

0
 y

ea
rs

,
1

0
0

 %G
W

P
 [

kg
 C

O
2

-e
q

]

Sensitivity analysis - Different percentage of replacement of 
wooden windows

B4, replacement

OrganoWood Thermowood 



27 
 

Figure 19 shows the result from replacing 30 %, 60 % or 100 % of the windows in the basic scenario. The 

highest values of GWP were obtained for the replacement of windows and were therefore presented in this 

section. The results for the façade, roof and balconies are presented in Appendix G.  

When increasing the percentage of the replaced material, the potential climate impacts increases. A building 

with a lifespan of 100 years where 100 % of the windows are replaced at each replacement interval generated 

higher values of potential climate impacts compared to a building with the same lifespan but only 30 % 

replacement. This relation was visible for all three lifespans and for all building components in focus of this 

study. 

4.3 Results from the economic analysis 
This section presents the results from the economic analysis. Costs for both maintenance and replacement 

have been considered. The assumptions and data used are presented in Appendix H. 

4.3.1 Basic scenario 
Figure 20-Figure 23 presents the total economic consequences of maintenance and different percentage of 

replacement for the façade, roof, windows and balconies in the basic scenario. 

 

Figure 20; economic analysis for the total cost of maintenance and different percentages of replacement for the pine facade in the basic scenario. 

 

Figure 21; economic analysis for the total cost of maintenance and different percentages of replacement for the steel plate roof in the basic scenario. 

Figure 20 shows that the costs for maintenance of the pine façade in the basic scenario were higher than 

the costs for replacement for all lifespans of the building except for 50 and 100 years lifespan with 100 % 

replacement. The results for both the façade in Figure 20, and the roof shown in Figure 21 show that 
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increased percentage of replacement also increased the costs. The cost for maintenance of the roof is 

significantly higher than the costs for replacement in all scenarios. 

 

Figure 22; economic analysis of the total cost for maintenance and different percentages of replacement for the wooden windows in the basic scenario. 

 

Figure 23; economic analysis of the total cost for maintenance and different percentages of replacement for the balcony decking made of OrganoWood in 
the basic scenario. 

Figure 22 shows that the costs for replacement of the wooden windows in the basic scenario are higher than 

the costs for maintenance, which is not visible in the figure due to the small value. The cost for the 

replacement of the windows increases with increased percentage of replacement. For OrganoWood, shown 

in Figure 23, the cost for maintenance is significantly higher than the cost for replacement. This could be 

explained by the properties, consumption and price of the surface treatment for OrganoWood. 

4.3.2 Sensitivity analysis 
Figure 24-Figure 27 presents the total economic consequences of different percentage of replacement and 

maintenance for the scenarios analyzed in the sensitivity analysis. All scenarios are compared with the cost 

for maintenance and replacement in the basic scenario. 
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Figure 24; economic analysis of the total costs for maintenance and different percentages of replacement for the façade of cedar wood shingles where no 
maintenance is performed, compared to the pine façade in the basic scenario. 

 

Figure 25; economic analysis of the total costs for maintenance and different percentages of replacement for the façade of cedar wood shingles where 
maintenance is included, compared to the pine façade in the basic scenario. 

Compared to the basic scenario, a cedar wood shingles façade where maintenance is not performed will 

result in higher costs for replacement for all lifespans of the building except for a cedar façade of 50 and 

100 years with 30 % replacement, shown in Figure 24. For a cedar wood shingles façade where maintenance 

is included, shown in Figure 25, the pine façade in the basic scenario will generate lower costs for 

replacement for all lifespans that have been modelled. The costs for maintenance for the two types of 

facades shown in Figure 25 are almost the same for all lifespans. 
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Figure 26; economic analysis of the total costs for maintenance and different percentages of replacement for the aluminum coated wooden windows, 
compared to the wooden windows in the basic scenario. 

Figure 26 presents the economic consequences of different percentage of replacement for aluminum coated 

wooden windows compared to the wooden windows in the basic scenario. The costs of replacement and 

maintenance are higher for the wooden windows for all lifespans. The costs for replacement are highest for 

a building with a lifespan of 100 years with regular wooden windows, where 60 % of the windows are 

replaced. The cost for replacement of a building with a lifespan of 70 years with regular wooden windows 

is somewhat higher than for a building with a lifespan of 100 years with aluminum coated wooden windows 

were 100 % of these are replaced at each replacement interval. 

 

Figure 27; economic analysis of the total costs for maintenance and different percentages of replacement for the balcony decking of thermowood where 
maintenance is included, compared to the OrganoWood decking in the basic scenario. 

Figure 27 presents the economic consequences of different percentage of replacement for the thermowood 

decking where maintenance was included compared to the basic scenario. A balcony decking of 

thermowood generated higher costs for replacement for all lifespans compared to the basic scenario.  

The cost for maintenance of OrganoWood was shown to be significantly higher compared to all scenarios 

of replacement for the same material. As previously explained for Figure 23, this could be explained by the 

fact that the weight per liter of the surface treatment for OrganoWood was five times higher compared to 
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the weight per liter of for instance a façade glaze. Furthermore, the consumption of surface treatment per 

square meter was also higher compared to the other scenarios and the surface treatment was also more 

expensive compared to the other products. 

Different percentages of replacement 

Figure 28 presents a general picture of the economic consequences of different percentages of replacement, 

30 %, 60 % or 100 % for the building components in the basic scenario. 

 

Figure 28; total costs for different percentages of replaced materials for the lifespans of 50-, 70- and 100 years of the building in the basic scenario. 

The windows with 100 % replacement (for all lifespans) and 60 % replacement (for 70- and 100 years 

lifespan) generate the highest costs. This is followed by a 100 year old building where 100 % of the façade 

is replaced. The costs of replacing the balcony decking and the roof are small compared to the windows and 

the façade.  

4.3.3 Comparison of potential climate impacts and investment costs  
The previously presented results have demonstrated the total potential climate impacts as well as costs from 

maintenance and replacement for different lifespans of the building. This section will present a comparison 

between the materials regarding initial investment costs and potential climate impacts. 

 

Figure 29; comparison of initial climate impacts for the pine facade in the basic scenario and the cedar wood shingles facade. 
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Figure 30; comparison of initial costs for the pine facade in the basic scenario and the cedar wood shingles facade. 

Figure 29 presents the differences between the initial potential climate impacts between the two materials 

for the façade that have been analyzed in this study, whereas Figure 30 shows the differences in initial costs. 

From this, it is possible to conclude that a façade made of cedar wood shingles generate both higher initial 

potential climate impacts as well as higher investment costs. 

 

Figure 31; comparison of initial climate impacts for the wooden windows in the basic scenario and the aluminum coated wooden windows. 

 

Figure 32; comparison of initial costs for the wooden windows in the basic scenario and the aluminum coated wooden windows. 

The potential climate impact is higher for the aluminum coated wooden windows compared to the wooden 

windows in the basic scenario, shown in Figure 31. Figure 32 shows that there is only a minor difference 

between the investment cost between wooden windows and aluminum coated wooden windows.  
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Figure 33; a comparison of initial climate impacts for the OrganoWood decking in the basic scenario and thermowood decking. 

 

Figure 34; a comparison of initial costs for the OrganoWood decking in the basic scenario and thermowood decking. 

 

Figure 33 shows that OrganoWood generates significantly lower initial climate impact compared to 

thermowood. The initial cost for OrganoWood is also lower compared to thermowood, shown in Figure 

34.  
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5 Analysis and discussion 
An analysis and a discussion of the results are presented in this section. 

5.1 Analysis of the results from the LCA and cost analysis 
General assumptions are often made for the building phases of maintenance and replacement when carrying 

out LCA for buildings. However, the results from this study have shown that the potential climate impacts 

from maintenance and replacement should be taken in more thorough consideration to increase the 

sustainability in the building sector. Sound choices of building materials could reduce both potential impacts 

on the climate as well as costs for maintenance and replacement. 

This study has only presented the impacts of four selected building parts. Still, the results show that an 

increased frequency of maintenance and replacement of exposed parts of a building generates increased 

potential climate impacts and costs. If a more detailed study would be carried out, including all materials of 

the building that require maintenance and replacement, the total potential climate impact and costs could 

be evaluated. This could bring more knowledge into the building sector about the potential climate impacts 

and costs for maintenance and replacement. By carrying out this type of analysis in the design phase of a 

building, sound material choices could be made and this knowledge may also assist to carry out plans for 

maintenance and replacement to reduce both climate impacts and costs. 

The results from this study show “worst case” scenarios, for instance regarding lifespans, number of surface 

treatments or paint coatings etc. However, it is not certain that maintenance and replacement are carried 

out according to these numbers in reality. For instance, the façade of pine is in the basic scenario of the 

performed analysis is recommended to be surface treated every 6-20 year to maintain the function. The 

intervals depend on several factors, such as the location of the façade. A southern façade will degrade faster 

than a northern façade due to the UV-light from the sun. It is not certain what will happen if the façade is 

not surface treated according to the recommended maintenance instructions. For this study, it was assumed 

that when no maintenance was carried out for a cedar wood shingle façade for 50 years, replacement was 

needed. However, cedar wood is naturally durable with a lifespan of 40 years, meaning that a total 

replacement might not be necessary even after 50 years without maintenance. 

It is important to highlight that not all maintenance is carried out according to instructions from 

manufacturers. For instance, the owner of the apartment is in most cases responsible for the maintenance 

and replacement of the wooden decking on the balconies which means that the results from this study might 

be misleading. Other factors such as durability of the material, aesthetics or interior design preferences can 

also have effect on the maintenance, which is seen as an uncertainty for the maintenance assumptions in 

this study. 

If a façade of pine impregnated with boiled linseed oil would be replaced with a cedar wood shingles façade 

for Folkhem’s planned building in Stadshagen, the potential climate impacts from replacements increase 

significantly. This is due to the difference of the transport distances of the two materials. The pine façade 

was assumed to be produced in Sweden whereas the cedar façade needs to be transported from the forests 

in British Columbia, Canada. The more replacement that is needed for a cedar façade, the more potential 

climate impact from replacement is generated. What could be observed from this is that regular and correct 

maintenance could reduce the need for frequent replacements which could reduce the potential climate 

impacts since less transport is required. Furthermore, locally produced materials could contribute to a 

reduction of the potential climate impacts from replacements. Discussions with manufacturers in Sweden 

regarding implementation of new solutions could lead to reductions of the needed import of building 

materials from other countries which would reduce the potential climate impacts from replacements. 

When comparing wooden windows with aluminum coated wooden windows, it was shown that the values 

of both potential climate impacts as well as costs were higher for the wooden windows. When comparing 

the initial potential climate impacts and costs of these types of windows, the aluminum coated wooden 

windows generated only a small increase of potential climate impacts and costs. In a wider perspective, seen 

in the light of this study, it could be beneficial to compare initial costs and potential environmental impact 
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with the same for future maintenance and replacement. In some cases, it might be favorable to choose an 

expensive material from the beginning if the costs and potential climate impacts could be reduced for the 

future maintenance and replacement. 

5.2 Limitations  
Several assumptions had to be carried out in order to perform this study. These assumptions, for instance 

regarding material manufacturers, building components, building structures, maintenance and LCA-data, 

have affected the results. However, it should be noticed that all assumptions have been thoroughly 

considered and transparently described in this report. Furthermore, the assumptions are based on reliable 

information from literature or after discussions with the thesis supervisors or manufacturers. Folkhem is 

still in the planning stage for their project in Stadshagen, and not all materials have been chosen for the 

building parts in focus of this study. Furthermore, plans for maintenance and replacement for all building 

components in focus of this study do not exist, which required assumptions that were based on information 

from literature and manufacturers. 

A frequent issue in this study has been the data collection, especially concerning the LCA data, which is a 

time consuming process. EPDs were the primary source of LCA data since these are controlled by 

regulations, which ensure the quality of the document. Most of the EPDs were carried out in Sweden, 

Norway or Germany but some of the EPDs were from other countries, for instance Great Britain and the 

United States, which could affect the results since all data were not site specific. 

5.3 Using LCA for maintenance plans  
LCA could be a strong tool for decision-making in the design phase of a building project, to be able to 

choose materials with low climate impact concerning both the material itself, such as production and 

transports, and the required maintenance and replacements. Combined with a more thorough cost analysis 

of the total lifecycle of a material, a so-called LCC, a complete evaluation of potential climate impacts and 

costs could provide guidance for the decision-making process. It could be the future approach to how 

building materials are selected. Other aspects considering the materials such as aesthetics and functionality 

also play an important role in the selection, but combined with LCA, the potential climate impacts could be 

further reduced. 

An important aspect of using LCA for maintenance planning is that the method for carrying out the analysis 

must be robust and the data used for the analysis need to be of high quality. To reduce climate impacts, 

companies in the building sector need to work in the same manner when performing LCAs. An approach 

to increase the data quality is to introduce demands for manufacturers of building materials to carry out 

EPDs for their products that would increase the quality of LCAs.  

This study could be seen as an example of how the results from an LCA could be used for maintenance 

plans. It is not possible for Folkhem to directly use this report as basis for a maintenance plan since many 

assumptions have been made. However, the study could be seen as an inspiration and guideline for how to 

reduce climate impacts of a building and to highlight the importance of maintenance and replacement. 

Folkhem has not planned for maintenance and replacements for the planned buildings in Stadshagen, but 

this study has shown the importance of lifespans, since increased lifespans generates higher potential climate 

impacts. Therefore, it is recommended that Folkhem should design their buildings for the environment, 

meaning that a plan of requested lifespan and required maintenance and replacements should be carried out 

in the early stages of a building project. 

5.4 Improvements 
First of all, LCA data of high quality in form of EPDs need to be produced for more building materials and 

for the surface treatments that are needed for maintenance. The more site specific data, the more accuracy 

will be given to the study. The amount of assumptions due to lack of data needs to be reduced. Finally, a 

more detailed investigation of whether maintenance and replacement are carried out according to 

information from technical literature and manufacturers could make the study even more precise.  
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In the cost analysis, only the cost of the products for maintenance and the replaced materials has been 

considered. Costs for hiring maintenance workers could also be interesting to add to receive a more accurate 

result that could be used for maintenance planning. 
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6 Conclusions and recommendations 
The following conclusions have been made with the basis of the results from this study and with regards to 

the research questions presented in section 1.4. Recommendations and suggestions of future work are also 

presented in this section. 

 More attention should be payed to the phases of maintenance and replacement when carrying out 

an LCA for a wooden building, since general assumptions could be misleading. 

 The origin of the building materials could have a significant climate impact if several of 

replacements need to be performed, since this includes a large number of transports of materials. 

Therefore, to reduce the potential climate impact from replacements, it is recommended to avoid 

long transports. 

 Different building materials or building components have different lifespans and needs for 

maintenance. To reduce costs and potential climate impacts, long lifespans with little need for 

maintenance are desired. Planning for a specific lifespan of the building and the required 

maintenance and replacements may contribute to reduce the potential climate impacts. 

 Maintenance is recommended since this has potential to reduce the need for replacement of 

materials and building products, which may reduce the potential climate impacts since less 

transports are needed. 

 LCA can be a useful tool for Folkhem to plan for maintenance and replacements of their timber 

buildings if improvements are performed regarding LCA data quality. 

 LCA can provide guidance for Folkhem to choose sustainable building materials, with regards to 

maintenance and replacements at an early stage in the design process. 

With the basis of the results from this study, the recommendations for each of the building components 

comprised in the study are described in the following subsections. 

6.1.1 Façade 
The chosen façade of pine impregnated with boiled linseed oil is recommended as façade cladding for 

Folkhem’s planned building in Stadshagen. The potential climate impacts for replacement of the pine façade 

were lower for all lifespans compared to the cedar wood shingles facade. The replacement of the cedar 

façade for all scenarios were more expensive compared to the pine façade. Furthermore, the initial potential 

impacts and costs for a pine façade were lower compared to a cedar wood façade, which advocates the use 

of pine façade as façade cladding for this building. 

6.1.2 Roof 
For all lifespans of the building the environmental impacts from maintenance and replacement of the roof 

were regarded as small, which is why no sensitivity analysis was carried out. Therefore, no particular material 

is recommended. 

6.1.3 Windows  
It is recommended that Folkhem should change the wooden windows to aluminum coated wooden 

windows. The initial costs and potential climate impacts from aluminum coated wooden windows were a 

little higher compared to wooden windows, but in a wider perspective, the potential climate impacts as well 

as costs for maintenance and replacement decrease for all lifespans of the building. 

6.1.4 Balconies 
It is recommended that Folkhem should use OrganoWood as decking for the balconies, since the potential 

climate impacts and costs for replacement were found to be lower compared to thermowood for all lifespans 

of the building. Furthermore, the initial potential climate impact and cost were lower for OrganoWood 

compared to thermowood. 
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6.2 Future Work 
A future study could be to perform a more detailed LCA of the materials and products that required 

assumptions in this study, for instance the surface treatments for maintenance. A more detailed LCA of all 

maintenance that should be conducted in a building could be of interest as well and to investigate the climate 

impacts and costs from excluded processes in this study. Alternative building materials for the exterior 

building components could be evaluated as well as different percentages of painting area. More impact 

categories than climate change could also be evaluated. The building lifecycle phases of repair and 

refurbishment could also be interesting to evaluate in order to receive an overview of the total potential 

climate impacts and costs from all parts of the use phase of a building. 

Another approach could be to investigate if maintenance and replacement are carried out as described from 

technical literature and manufacturers in reality. Finally, a more thorough cost analysis could be carried out, 

evaluating how the housing society would be affected from costs from maintenance and replacement.  

 

 

  



39 
 

7 References 
Albinsson, F., 2016. Personal communication with Fredrik Albinsson, seller at Weland [Interview] (21 03 2016). 

Alcro, 2016. Personal communication with supporting agent Gunnar, by the company's chat function on their website [Interview] (14 

04 2016). 

Alcro, u.d.. Vår stolta 100-åriga historia. [Online]  

Available at: http://www.alcro.se/Artiklar/Om-Alcro/Var-stolta-100-ariga-historia/ 

[Accessed 25 04 2016]. 

Alvdal Skurlag AS, 2015. FDV-DOKUMENTASJON - Alvdal Royal Brunt trevirke, Alvdal, Norway: Alvdal Skurlag 

AS. 

Ardente, F., Beccali, M., Cellura, M. & Mistretta, M., 2010. Energy and environmental benefits in public buildings as 

a result of retrofit actions. Renewable and Sustainable Energy Reviews, Volume 15, pp. 460-470. 

AS Rockwool, 2013. Environmental Product Declaration - Rockwool isolering, Oslo, Norway: The Norwegian EPD 

Foundation. 

Asif, M., Davidson, A. & Muneer, T., 2001. Embodied energy analysis of aluminium-clad windows. Building Services 

Engineering Research and Technology, 22(3), pp. 195-199. 

AWC & CWC, 2013. Environmental Product Declaration - Nort American Softwood Plywood, s.l.: UL Environment. 

Bauhaus, u.d. a). Parkettgolv Logoclic Ash White 3-stav 14x188x1116 mm. [Online]  

Available at: http://www.bauhaus.se/bauhaus-logoclic-ash-white-oil.html#full-description 

[Accessed 04 04 2016]. 

Bauhaus, u.d. b). Terrasslasyr Beckers Kastanj 3L. [Online]  

Available at: http://www.bauhaus.se/terrasslasyr-beckers-kastanj-3l.html 

[Accessed 25 04 2016]. 

Bauhaus, u.d. c). Tryckt Klädselbräda 22x120 3.6m. [Online]  

Available at: http://www.bauhaus.se/tryckt-kladselbrada-22x120mm-3-6m.html 

[Accessed 15 04 2016]. 

Beckers, 2016a. Personal communication with supporting agent Eva, by the company's chat function on their website [Interview] (17 

03 2016a). 

Beckers, 2016b. Personal communication with supporting agent Cecilia, by the company's chat function on their website [Interview] 

(30 03 2016b). 

Beckers, 2016c. Personal communication with supporting agent Lena, by the company's chat function on their website [Interview] (18 

03 2016c). 

Beckers, u.d. a). Plåttakfärg V. [Online]  

Available at: http://www.beckers.se/produkter/utomhus/metall/plattakfarg-v 

[Accessed 18 03 2016]. 

Beckers, u.d. b). Metallprimer V. [Online]  

Available at: http://www.beckers.se/produkter/utomhus/metall/metallprimer-v 

[Accessed 18 03 2016]. 

Beijer, u.d. a). Ytterpanelbräda 22X120mm Impregnerad NTR/AB G4-2. [Online]  

Available at: http://www.beijerbygg.se/store/privat/tr%C3%A4produkter/ytterpaneler/behandlade-

ytterpaneler/ytterpanelbr%C3%A4da-22x120mm-impr-klass-ab 

[Accessed 15 04 2016]. 

Beijer, u.d. b). Furutrall 26X117MM Thermo. [Online]  

Available at: http://www.beijerbygg.se/store/privat/tr%C3%A4produkter/trall/v%C3%A4rmebehandlat/furutrall-

26x117mm-thermo 

[Accessed 15 04 2016]. 



40 
 

Beijer, u.d. c). Thermowood Furutrall. [Online]  

Available at: http://www.beijerbygg.se/store/privat/inspiration/Inf%C3%B6r-tralls%C3%A4songen/thermowood-

furutrall 

[Accessed 18 04 2016]. 

Benders, u.d.. Våra fabriker. [Online]  

Available at: http://www.benders.se/support/kontakt/ 

[Accessed 01 04 2016]. 

Berg Betong AS, 2016. Environmental Product Declaration - B30 M60 D22 konstruksjonsbetong, Oslo, Norway: The 

Norwegian EPD Foundation. 

Bergström, B., 2016. Personal communication with Bertil Bergström, project seller at Moelven [Interview] (12 02 2016). 

Betongindustri, u.d.. Ulvsunda. [Online]  

Available at: http://www.betongindustri.se/sv/node/2979 

[Accessed 01 04 2016]. 

Björk, F., 2005. Takguide - Om hur tak fungerar och om vad den som äger ett hus bör tänka på när det gäller taket. 2 ed. 

Stockholm: Institutionen för Byggvetenskap, Kungliga Tekniska Högskolan. 

Björklund, T. & Tillman, A.-M., 1997. LCA of Building Frame Structures - Environmental Impact over the Life Cycle of Wooden 

and Concrete Frame, Göteborg: Chalmers University of Technology . 

Blom, I., Itard, L. & Meijer, A., 2010. LCA-based environmental assessment of the use and maintenance of heating 

and ventilation systems in Dutch dwellings. Building and Environment, 45(11), pp. 2362-2372. 

Boen, u.d.. Om Boen. [Online]  

Available at: http://boen.com/no/om-boen/ 

[Accessed 01 04 2016]. 

Bolagsverket, Skatteverket & Tillväxtverket, 2016. Olika momssatser. [Online]  

Available at: https://www.verksamt.se/starta/skatter-och-avgifter/moms/olika-momssatser 

[Accessed 18 04 2016]. 

Bonnevier, N., 2016. Personal communication with Niklas Bonnevier, chief of selling and marketing at Proloc [Interview] (11 03 

2016). 

Bovea, M., Ibáñez-Forés, V. & Agustí-Juan, I., 2014. Environmental product declaration (EPD) labelling of 

construction and building materials. In: Eco-efficient construction and building materials. s.l.: Woodhead Publishing Limited, 

pp. 125-150. 

Boverket, 2009. Så mår våra hus - Redovisning av regeringsuppdrag beträffande byggnaders tekniska utformning m.m., Karlskrona: 

Boverket. 

Burström, P. G., 1999. Livslängdsbedömningar av Byggnadsmaterial, Lund: Lunds Tekniska Högskola. 

Burström, P. G., 2007. Byggnadsmaterial: Uppbyggnad, tillverkning och egenskaper. 2:9 ed. Lund: Studentlitteratur . 

Buyle, M., Braet, J. & Audenaert, A., 2013. Life cycle assessment in the construction sector: A review. Renewable and 

Sustainable Energy Reviews, Volume 26, pp. 379-388. 

Byggmax, u.d.. 26x118 Trall ThermoWood Brun. [Online]  

Available at: https://www.byggmax.se/virke/trall/26x118-trall-thermowood-brun-p68426118 

[Accessed 15 04 2016]. 

Byggvarubedömningen, 2015. OrganoWood-modifierat trallvirke Premium, s.l.: Byggvarubedömningen. 

Börjesson, P. & Gustavsson, L., 2000. Greenhouse gas balances in building construction: wood versus concrete from 

life-cycle and forest land-use perspectives. Energy Policy, 28(9), pp. 575-588. 

Cabeza, L. F. et al., 2013. Life Cycle Assessment (LCA) and Life Cycle Energy Analysis (LCEA) of buildings and the 

building sector: A review. Renewable and Sustainable Energy Reviews, Volume 29, pp. 394-416. 



41 
 

Caparol, 2015. Trälasyr. [Online]  

Available at: http://proffs.caparol.se/uploads/pics/caparol_import/caparol_se/ti/122413/TI_TraelasyrLF_SE.pdf 

[Accessed 18 03 2016]. 

Caparol, 2016. Personal communication with Yvonne Olsson, developing manager at Caparol [Interview] (18 03 2016). 

Celsa Steel Service AB, u.d.. Steel reinforcement products for concrete - Environmental Product Declaration in accordance with ISO 

14025 and EN 15804, s.l.: Celsa Steel Service AB. 

Chalmers, 1994. SPINE LCI dataset: Production of linseed oil. [Online]  

Available at: http://www.cpm.chalmers.se/cpmdatabase/Scripts/sheet.asp?ActId=CPMXFRTOOL1998-06-12873 

[Accessed 07 04 2016]. 

Cronin, L., Tiffney Jr, W. & Eveleigh, D., 2000. The graying of cedar shingles in a maritime climate—a fungal basis?. 

Journal of Industrial Microbiology and Biotechnology, 24(5), pp. 319-322. 

Curran, M. A., 2015. Life Cycle Assessment Student Handbook. s.l.:Scrivener Publishing. 

Daloc, u.d. a). Daloc S60 (Y60) Branddörr A60, A120. [Online]  

Available at: http://www.dorrkatalogen.daloc.se/staldorrar/S60/ 

[Accessed 30 03 2016]. 

Daloc, u.d. b). Daloc S33 (Y33) Säkerhetsdörr RC3. [Online]  

Available at: http://www.dorrkatalogen.daloc.se/sakerhetsdorrar/S33/ 

[Accessed 30 03 2016]. 

Daloc, u.d. c). Daloc T10/48 Trädörr, Massivdörr. [Online]  

Available at: http://www.dorrkatalogen.daloc.se/tradorrar/T10/ 

[Accessed 30 03 2016]. 

Daniels, C. & Russel, J., 2007. Analysis of Western Redcedar (Thuja plicata Donn) Heartwood Components by 

HPLC as a Possible Screening Tool for Trees with Enhanced Natural Durability. Volume 45. 

Dwyer, J. et al., 2011a. Installation, Care, and Maintenance of Wood Shake and Shingle Siding, Madison, WI: United States 

Department of Agriculture, Forest service, Forest product laboratory. 

Egger, 2012. Environmental Product Declaration - Egger Eurostrand OSB, s.l.: Egger. 

Egger, 2013. Environmental Product Declaration - Egger laminate flooring, s.l.: Institut Bauen und Umwelt e.V.. 

Elitfönster, 2012. BYGGVARUDEKLARATION BVD 3 enligt Kretsloppsrådets riktlinjer maj 2007: Elit Utåtgående 

(AFH ver 1.0), s.l.: Elitfönster. 

Elitfönster, 2016. Prisbok , s.l.: Elitfönster. 

Environdec, u.d.. Vad är en EPD?. [Online]  

Available at: http://www.environdec.com/sv/What-is-an-EPD/ 

[Accessed 02 03 2016]. 

Erlandsson, M., 2011. Gemensamt datakommunikationsformat för livscykelinformation - Byggvarudeklaration BVD 4, 

Stockholm, Sweden: IVL. 

Erlandsson, M. & Borg, M., 2003. Generic LCA-methodology applicable for buildings, constructions and operation 

services—today practice and development needs. Building and Environment, Volume 38, p. 919–938. 

Erlandsson, M. & Holm, D., 2015. Livslängdsdata samt återvinningsscenarion för mer transparenta och jämförbara 

livscykelberäkningar för byggnader, Stockholm, Sweden: IVL. 

EUMEPS, 2013. Environmental Product Declaration - Expanded Polystyrene (EPS) Foam Insulation, Königswinter, Germany: 

IBU - Institut Bauen und Umwelt e. V.. 

European Commission, 2014. Resource Efficiency in the Building Sector, Brussels: European Commission. 



42 
 

European Waterproofing Association AISBL, 2014. Environmental Product Declaration - Single layer fully torched 

modifiedbitumenroof waterproofing system, Oslo, Norway: The Norwegian EPD Foundation. 

EXIBA, 2014. Environmental Product Declaration, Berlin, Germany: IBU - Institut Bauen und Umwelt e.V.. 

Finnish Thermowood Association, 2003. Thermowood Handbook, Helsinki, Finland: Finnish Thermowood Association. 

Finnveden, G. et al., 2009. Recent developments in Life Cycle Assessment. Journal of Environmental Management, 

Volume 91, pp. 1-21. 

Folkhem, 2013. Bostadsminister Stefan Attefall inviger världens första höghus helt i trä i Sundbyberg. [Online]  

Available at: http://www.folkhem.se/press 

[Accessed 04 02 2016]. 

Folkhem, 2015. Environmental Product Declaration in accordance with ISO 14025 and EN 15804 for: Folkhem's concept building, 

Stockholm: Folkhem. 

Folkhem, u.d. a). Strandparken. [Online]  

Available at: http://www.folkhem.se/strandparken 

[Accessed 04 02 2016]. 

Folkhem, u.d. b). Stadshagen 2015. [Online]  

Available at: http://www.folkhem.se/framtida-hus/stadshagen-2015 

[Accessed 04 02 2016]. 

Global Wood Trade Network, u.d.. Timber Technology & Knowledge Center. [Online]  

Available at: http://www.globalwood.org/tech/tech_wood_weights.htm 

[Accessed 08 04 2016]. 

Grant, A., Ries, R. & Kibert, C., 2014. Life Cycle Assessment and Service Life Prediction: A Case study of Building 

Envelope Materials. Journal of Industrial Ecology, 18(2), pp. 187-200. 

Guinée, J. B. et al., 2011. Life cycle assessment: past, present, and future. Environmental science & technology, 45(1), pp. 

90-96. 

Gyproc Saint-Gobain, 2013. Environmental Product Declaration - Gyproc Protect F - Fire Board, Bålsta, Sweden: Gyproc 

Saint-Gobain. 

Gyproc Saint-Gobain, 2016a. Environmental Product Declaration - Gyproc Normal - Standard Plasterboard 12.5 mm, Bålsta, 

Sweden: Gyproc AB. 

Gyproc Saint-Gobain, 2016b. Environmental Product Declaration - Gyproc Vindskydd - Sheating Board, Bålsta, Sweden: 

Gyproc Saint-Gobain. 

Gyproc Saint-Gobain, 2016c. Environmental Product Declaration - Glasroc H Ocean - Wet room Board, Bålsta, Sweden: 

Gyproc Sain-Gobain. 

Gyproc Saint-Gobain, u.d. Gyproc GU 9 Vindskyddsskiva. [Online]  

Available at: http://gyproc.se/produkter/gipsskivor-och-andra-byggskivor/ytterv%C3%A4ggsskivor/gu-

vindskyddsgipsskivor 

[Accessed 30 03 2016]. 

Habo Gummiprodukter, u.d.. Kontaktinformation. [Online]  

Available at: http://www.habogummiprodukter.se/svenska/kontakt/ 

[Accessed 01 04 2016]. 

Hamlin, J., 2016a. Personal communication with Jens Hamlin, managing director att OrganoWood [Interview] (11 03 2016a). 

Hamlin, J., 2016b. Personal communication with Jens Hamlin, managing director att OrganoWood [Interview] (07 04 2016b). 

Hamlin, J., 2016c. Personal communication with Jens Hamlin, managing director att OrganoWood [Interview] (15 04 2016c). 



43 
 

Heatwood, 2016a. Värmebehandlat trä / Thermowood®. [Online]  

Available at: http://www.heatwood.se/thermowood/ 

[Accessed 29 01 2016]. 

Heatwood, 2016b. Skötselråd. [Online]  

Available at: http://www.heatwood.se/skotselrad/ 

[Accessed 13 04 2016]. 

Houston, J. & Fugelso, J. N., 2008. Fabricating and Installing Side-Lap Roof Shingles in Eastern Pennsylvania. APT 

Bulletin, 39(1), pp. 33-41. 

Höganäs, u.d.. Egen tillverkning. [Online]  

Available at: http://www.cchoganas.se/cc-hoganas/egen-tillverkning/ 

[Accessed 01 04 2016]. 

Hörmann KG Freisen, 2010. Environmental Product Declaration - Multi function doors, Rosenheim, Germany: ift 

Rosenheim GmbH. 

Icopal AB, 2009. BYGGVARUDEKLARATION BVD 3 enligt Kretsloppsrådets riktlinjer maj 2007, s.l.: Icopal AB. 

Icopal AB, u.d. a). Klassikern för takpannor, shingel och profilerad plåt. [Online]  

Available at: http://www.icopal.se/Produktsortiment/branta/underlagsprodukter/Macoflex.aspx 

[Accessed 30 03 2016]. 

Icopal AB, u.d. b). Icopal Tätskiktssystem Mono - Produktblad. [Online]  

Available at: 

http://www.icopal.se/~/media/IcopalSE/relaterade_dokument/laglutande_tak/tatskiktsmattor/system_mono/pro

duktinformation/pblad%20t%C3%A4tskikt%20Mono_system%20150529.pdf 

[Accessed 30 03 2016]. 

Icopal AB, u.d. c). Icopals historia. [Online]  

Available at: http://www.icopal.se/om_icopal/icopals_historia.aspx 

[Accessed 04 04 2016]. 

ISO, 2003. Byggnader och byggnadsverk –Livslängdsplanering –Del 1: Allmänna principer (Buildings and constructed assets –Service 

life planning –Part 1: General principles), Stockholm: SIS, Swedish Standards Institute. 

ISO, 2006a. Environmental management – Life cycle assessment – Principles and framework (ISO 14040:2006), Stockholm, 

Sweden: SIS, Swedish Standards Institute. 

ISO, 2006b. Environmental management – Life cycle assessment – Requirements and guidelines (ISO 14044:2006), Stockholm, 

Sweden: SIS, Swedish Standards Institute. 

Isodrän, u.d.. Teknisk Fakta Isodrän-skiva 60-200. [Online]  

Available at: http://www.isodran.se/index.php/tekniska-fakta/tekniska-fakta 

[Accessed 30 03 2016]. 

Jehander, u.d.. Jehander Bålsta. [Online]  

Available at: http://www.jehander.se/sv/Jehander-Balsta 

[Accessed 01 04 2016]. 

Johansson, N., 2016a. Personal communication with Nina Johansson, project manager at Folkhem [Interview] (22 02 2016a). 

Johansson, N., 2016b. Personal communication with Nina Johansson, project manager at Folkhem [Interview] (16 03 2016b). 

Johansson, N., 2016c. Personal communication with Nina Johansson, project manager at Folkhem [Interview] (08 04 2016c). 

Johnson, P., 2016a. Personal communication with Peter Johnson, product manager at Moelven [Interview] (07 04 2016a). 

Johnson, P., 2016b. Personal communication with Peter Johnson, product manager at Moelven [Interview] (18 04 2016b). 

Johnson, P., 2016c. Personal communication with Peter Johnson, product manager at Moelven [Interview] (08 04 2016c). 



44 
 

Jönsson, Å., Tillman, A.-M. & Svensson, T., 1997. Life cycle assessment of flooring materials: Case study. Building and 

Environment, 32(3), pp. 245-255. 

Kale, 2012a. Environmental Product Declaration - Ceramic Wall Tiles, s.l.: Kale. 

Kale, 2012b. Environmental Product Declaration - Ceramic Floor Tiles, s.l.: Kale. 

Karacabeyli, E. & Douglas, B., 2013. CLT Handbook. Pointe-Claire, QB: FPInnovations. 

K-Rauta, u.d. a). Arne Thuressons gipsskruv 3.5x25 1000 st enkelgips. [Online]  

Available at: https://www.k-rauta.se/byggvaruhus/gipsskruv-3-5x25-1000st-enkelgips--st%C3%A5l 

[Accessed 23 03 2016]. 

K-Rauta, u.d. b). Impregneringsolja Beckers 9L. [Online]  

Available at: https://www.k-rauta.se/byggvaruhus/impregneringsolja-beckers-9l 

[Accessed 28 04 2016]. 

K-Rauta, u.d. c). Metallprimer Beckers Vattenbaserad Grå 10L. [Online]  

Available at: https://www.k-rauta.se/byggvaruhus/metallprimer-beckers-vattenbaserad-gr%C3%A5-10l 

[Accessed 25 04 2016]. 

K-Rauta, u.d. d). Plåttakfärg Beckers Vattenbaserad Svart 10L. [Online]  

Available at: https://www.k-rauta.se/byggvaruhus/f%C3%A4rg-och-m%C3%A5leri/f%C3%A4rg-och-

lasyrer/takf%C3%A4rg/pl%C3%A5ttakf%C3%A4rg-beckers-vattenbaserad-svart-10l 

[Accessed 25 04 2016]. 

K-Rauta, u.d. e). Smuts- Och Vattenskydd Organowood Träskydd 02 Färglös 5L. [Online]  

Available at: https://www.k-rauta.se/byggvaruhus/f%C3%A4rg-och-m%C3%A5leri/f%C3%A4rg-och-

lasyrer/tr%C3%A4oljor/smuts--och-vattenskydd-organowood-tr%C3%A4skydd-02-f%C3%A4rgl%C3%B6s-5l 

[Accessed 25 04 2016]. 

Lanner, J., 2016. Personal communication with Jonas Lanner, employee att Almedalsgolv [Interview] (10 03 2016). 

Liljenström, C. M. T. et al., 2015. Byggandets klimatpåverkan - Livscykelberäkning av klimatpåverkan och energianvändning för 

ett nyproducerat energieffektivt flerbostadshus i betong, Stockholm: IVL Svenska Miljöinstitutet. 

Lindgren, G., 2016a. Personal communication with Greger Lindgren, technical manager at Martinsons [Interview] (24 02 2016a). 

Lindgren, G., 2016b. Personal communication with Greger Lindgren, technical manager at Martinsons [Interview] (15 02 2016b). 

Lindgren, G., 2016c. Personal communication with Greger Lindgren, technical manager at Martinsons [Interview] (12 04 2016c). 

Lindgren, G., 2016d. Personal communication with Greger Lindgren, technical manager at Martinsons [Interview] (14 03 2016d). 

Lonbakken, 2014. Environmental Product Declaration - Lonbakken Steel Staircase t. 6100, Oslo, Norway: The Norwegian 

EPD Foundation. 

Malmqvist, T. et al., 2010. Life cycle assessment in buildings: The ENSLIC simplified method and guidelines. Energy, 

Volume 36, pp. 1900-1907. 

Martinsons, 2015a. Environmental Product Declaration - KL-tre, Bygdsiljum, Sweden: The Norwegian EPD Foundation. 

Martinsons, 2015b. Environmental Product Declaration - Limtre, Bygdsiljum, Sweden: The Norwegian EPD Foundation. 

Megnis, M., Olsson, T., Varna, J. & Lindberg, H., 2002. Mechanical performance of linseed oil impregnated pine as 

correlated to the take-up level. Wood Science and Technology, 36(1), pp. 1-18. 

Menzies, G. F., 2013. Whole Life Analysis of timber, modified timber and aluminium-clad timber windows: Service Life Planning 

(SLP), Whole Life Costing (WLC) and Life Cycle Assessment (LCA), s.l.: Wood Window Alliance. 

Moeleven, u.d. l). Thermowood Furu. [Online]  

Available at: https://www.moelven.com/se/Produkter-och-tjanster/Bygg-och-Bo/Traslag/ThermoWood-Furu/ 

[Accessed 25 04 2016]. 



45 
 

Moelven, 2013. BYGGVARUDEKLARATION BVD 3 enligt Krettsloppsrådets riktlinjer maj 2007: thermowood furu, s.l.: 

Moelven. 

Moelven, 2014. BYGGVARUDEKLARATION BVD 3 enligt Kretsloppsrådets riktlinjer maj 2007, s.l.: Moelven. 

Moelven, 2014. Termotre av gran og furu, Oslo, Norway: Næringslivets Stiftelse for Miljødeklarasjoner. 

Moelven, u.d. a). Cederträspån. [Online]  

Available at: http://www.moelven.com/se/Produkter-och-tjanster/Bygg-och-Bo/Traslag/Cedertraspan/ 

[Accessed 08 02 2016]. 

Moelven, u.d. b). Moelven Notnäs AB. [Online]  

Available at: https://www.moelven.com/se/Om-Moelven/Divisioner/Timber/Notnas/ 

[Accessed 01 04 2016]. 

Moelven, u.d. c). Moelven Vänerply. [Online]  

Available at: https://www.moelven.com/se/Produkter-och-tjanster/Bygg-och-

Bo/Wood/Produktionsenheter/Moelven-Vanerply/ 

[Accessed 01 04 2016]. 

Moelven, u.d. d). Underhåll Cederträ. [Online]  

Available at: http://www.moelven.com/se/Produkter-och-tjanster/Bygg-och-Bo/Traslag/Cedertra/Underhall-

Cedertra/ 

[Accessed 29 01 2016]. 

Moelven, u.d. e). ThermoWood Furu Proffsinformation. [Online]  

Available at: http://www.moelven.com/se/Produkter-och-tjanster/Bygg-och-Bo/Traslag/ThermoWood-

Furu/ThermoWood-Furu-Proffsinformation/ 

[Accessed 29 01 2016]. 

Moelven, u.d. f). Underhåll ThermoWood Furu. [Online]  

Available at: http://www.moelven.com/se/Produkter-och-tjanster/Bygg-och-Bo/Traslag/ThermoWood-

Furu/Underhall-ThermoWood-Furu/ 

[Accessed 29 01 2016]. 

Müller, L. & Berker, T., 2013. Passive House at the crossroads: The past and the present of a voluntary standard that 

managed to bridge the energy efficiency gap. Energy Policy, 60(1), pp. 586-593. 

Naturstenskompaniet, 1997. Miljövarudeklaration kalkstensgolv , Färlöv, Sweden: Naturstenskompaniet. 

Naturstenskompaniet, 2016. Personal communication with Naturstenskompaniet [Interview] (11 03 2016). 

Naturstenskompaniet, u.d.. Golv av Ölandssten. [Online]  

Available at: http://www.naturstenskompaniet.se/produkter/golv/ 

[Accessed 30 03 2016]. 

Naturvårdsverket, 2012. Från avfallshantering till resurshushållning - Sveriges avfallsplan 2012–2017, Stockholm: 

Naturvårdsverket. 

Nordic Dørfabrikk As, 2010. Environmental Product Declaration, Oslo, Norway: The Norwegian EPD Foundation. 

Norgesvinduet Kompetanse AS, 2016a. Environmental Product Declaration - Fastkarm vindu, Oslo, Norway: Næringslivets 

Stiftelse for Miljødeklarasjoner. 

Norgesvinduet Kompetanse AS, 2016b. Environmental Product Declaration - Balkongdør, Oslo, Norway: Næringslivets 

Stiftelse for Miljødeklarasjoner. 

Norgesvinduet, u.d.. Aluminiumskledning - for deg som ikke orker tanken på å male vindu. [Online]  

Available at: http://norgesvinduet.no/Aluminiumskledning/ 

[Accessed 26 04 2016]. 

Optimera, u.d.. Organowood Träskydd 02. [Online]  

Available at: https://www.optimera.se/bygghandel/proffs/inredningsmaterial-



46 
 

f%C3%A4rg/f%C3%A4rgvaror/oljor-och-tr%C3%A4skydd/organowood-tr%C3%A4skydd-02-3-liter-7254125 

[Accessed 25 04 2016]. 

OrganoWood, 2015. Produktdatablad OrganoWood® Träskydd 02: Smuts- och vattenskydd, Täby, Sweden: OrganoWood. 

OrganoWood, u.d.. Frågor & svar. [Online]  

Available at: http://organowood.com/faq/ 

[Accessed 24 02 2016]. 

Pacheco-Torgal, F., Cabeza, L. F., Labrincha, J. & Giuntini de Magalhaes, A., 2014. Life cycle assessment (LCA) of 

the building sector: strengths and weaknesses. In: Eco-efficient Construction and Building Materials Life Cycle Assessment 

(LCA), Eco-Labelling and Case Studies. s.l.:Burlington: Elsevier Science , pp. 63-83. 

Paroc, 2013. PAROC XES 200j. [Online]  

Available at: http://www.paroc.se/losningar-och-produkter/produkter/pages/markisolering/paroc-xes-200j 

[Accessed 04 04 2016]. 

Paroc, 2015. PAROC XMS 090 Fiberduk. [Online]  

Available at: 

http://www.paroc.se/ParocInternet/Layouts/PdfPrintPathInfoExtended/PdfGeneratorFolder/Storage/ProductPri

nt.aspx/paroc-xms-090.pdf?id={A769D90C-7950-499C-8D5B-5EC4E26F034D}&t=pdf 

[Accessed 30 03 2016]. 

Paroc, u.d.. Låglutande tak, Omvända tak. [Online]  

Available at: http://www.paroc.se/losningar-och-produkter/losningar/tak/laglutande-tak-omvanda-tak-

?sc_lang=sv-SE 

[Accessed 30 03 2016]. 

Paulsen, J. H., 2003. The Maintenance of Linoleum and PVC Floor Coverings in Sweden - The Significance of the 

Usage Phase in an LCA. The International Journal of Life Cycle Assessment, 8(6), pp. 357-364. 

Plannja, 2011. Plannja Byggvarudeklaration - Byggplåt i stål och aluminium, s.l.: Plannja. 

Plannja, 2014. Prislista Bas+, s.l.: Plannja. 

Ragnsells, u.d. a). Källsorteringsguide. [Online]  

Available at: http://www.ragnsells.se/Documents/1/K%C3%A4llsorteringsguide%20111213_ver2.pdf 

[Accessed 04 04 2016]. 

Ragnsells, u.d. b). Skrot och metaller. [Online]  

Available at: http://www.ragnsells.se/sv/Vad-vi-gor/Vara-behandlingsprocesser/Skrot-och-metaller/ 

[Accessed 04 04 2016]. 

Ragnsells, u.d. c). Återvinna inert material. [Online]  

Available at: http://www.ragnsells.se/sv/Vad-vi-gor/Vara-behandlingsprocesser/Atervinna-inert-material/ 

[Accessed 04 04 2016]. 

Rallab, u.d. Gummidukar. [Online]  

Available at: http://www.rallab.se/links/gummi/Gummiduk.pdf 

[Accessed 30 03 2016]. 

Rundström, T., 2016. Personal communication with Tobias Rundström, working at the technical department at Höganäs 

[Interview] (04 03 2016). 

Ruukki, 2014a. Environmental Product Declaration - Colour Coated Building Products , Helsinki, Finland: Ruukki 

Construction. 

Ruukki, 2014b. Environmental Product Declaration - Hot-dip Galvanized Building Products, Helsinki, Finland: Ruukki 

Construction. 

SBC, u.d.. Underhållsplan - Styrinstrument för planerat underhåll över tiden. [Online]  

Available at: 

https://www.sbc.se/Documents/forvaltning/Produktblad%20f%C3%B6rvaltning/1/SBC_Underh%C3%A5llsplan



47 
 

.pdf 

[Accessed 27 04 2016]. 

SCA, 2016. Bollsta sågverk. [Online]  

Available at: http://www.sca.com/sv/timber/Om-oss/vara-enheter/Bollsta-sagverk/ 

[Accessed 04 04 2016]. 

SETAC, 2003. Life Cycle Assessment in Building and Construction: A state-of-the-art report, s.l.: SETAC. 

Singh, A., Berghorn, G., Joshi, S. & Syal, M., 2011. Review of Life-Cycle Assessment Applications in Building 

Construction. Journal of Architectural Engineering, 17(1), pp. 15-23. 

SIS, 2013. Sustainability of construction works – Environmental product declarations – Core rules for the product category of 

construction products, Stockholm: SIS, Swedish Standards Institute. 

Sjölin, J., 2016. Personal communication with Jan Sjölin, selling coordinator at Paroc [Interview] (11 03 2016). 

Snabbgrus, u.d.. Beräkning Makadam Mix 4-16 mm. [Online]  

Available at: http://www.snabbgrus.se/shop/maengd-beraeknar.asp?groupid=27&productid=421 

[Accessed 04 04 2016]. 

Solomon, S., Qin, D. & Manning, M., 2007. Climate Change 2007 The Physical Science Basis, New York: Cambridge 

University Press. 

SSC, u.d.. Skötselanvisning – aluminiumfönster. [Online]  

Available at: http://www.sscgroup.se/wp/wp-content/uploads/Skotselanv_Aluminiumfonster_ES.pdf 

[Accessed 12 04 2016]. 

Stockholms stad, 2016. Bostadsbyggande. [Online]  

Available at: http://www.stockholm.se/TrafikStadsplanering/Stadsutveckling/Bostadsbyggande/ 

[Accessed 27 04 2016]. 

Swea Energi, u.d.. Diesel B30. [Online]  

Available at: http://www.sweaenergi.se/wp-content/uploads/2015/12/Produktblad-Diesel-B30.pdf 

[Accessed 07 04 2016]. 

Swedfast, u.d.. Välkommen till Swedfast. [Online]  

Available at: http://www.swedfast.se/omswedfast.html 

[Accessed 04 04 2016]. 

Svensk Betong, u.d.. Återvinning. [Online]  

Available at: http://www.svenskbetong.se/hallbarhet/a-tervinning 

[Accessed 04 04 2016]. 

Svensk Fjärrvärme, 2009. Fasa ut sista oljan - Att tänka på när eldningsoljan ska ersättas av förnyelsebara bränslen, Stockholm, 

Sweden: Svensk Fjärrvärme. 

Svensk Fjärrvärme, n.d. Fjärrvärmens miljövärden 2009-2014. [Online]  

Available at: http://www.svenskfjarrvarme.se/Statistik--Pris/Miljovardering-av-fjarrvarme/Miljovarden-2009-

20121/ 

[Accessed 04 04 2016]. 

Svenska Träskyddsföreningen, 2014. Byggvarudeklaration för beständiga träprodukter - År 2014 LINAX natur virke, Klass 

AB, Nybro, Sweden: Svenska Träskyddsföreningen. 

Svenska Träskyddsföreningen, u.d.. NTR-impregnerat virke - Med 20 års Rötskyddsgaranti för konsumenter!. [Online]  

Available at: http://www.traskydd.com/1.0.2.0/17/1/ 

[Accessed 12 02 2016]. 

Svenskt Trä, 2013. Att Välja Trä. 9 ed. Stockholm: Svenskt Trä. 



48 
 

Svenskt Trä, 2015. Egenskaper hos barrträ. [Online]  

Available at: http://www.svenskttra.se/om_tra_1/tra-som-material/egenskaper-hos-barrtra 

[Accessed 04 04 2016]. 

Svenskt Trä, u.d.. Virkesåtgång. [Online]  

Available at: http://www.svenskttra.se/om-tra/att-valja-tra/virkesatgang/ 

[Accessed 18 04 2016]. 

T Emballage, 2011. BYGGVARUDEKLARATION BVD 3 enligt Kretsloppsrådets riktlinjer maj 2007, Vetlanda, 

Sweden: T Emballage. 

Thabrew, L. et al., 2008. Life Cycle Assessment of Water-based Acrylic Floor Finish Maintenance Programs. The 

International Journal of Life Cycle Assessment, 13(1), pp. 65-74. 

The Wood Window Alliance, 2016. The Specifiers’ Guide to Timber Windows, s.l.: Wood Window Alliance. 

Tikkurila group, u.d.. Historia. [Online]  

Available at: http://www.tikkurilagroup.com/countries/sweden/om_foretaget/historia 

[Accessed 25 04 2016]. 

Tommen Gram, 2015. Environmental Product Declaration - Gram Dampsperre, Oslo, Norway: Næringslivets Stiftelse for 

Miljødeklarasjoner. 

Treindustrien, 2015. Environmental Product Declaration - Skurlast av gran eller furu, Oslo, Norway: The Norwegian EPD 

Foundation. 

Träguiden, 2003a. Glespanel och innertaksbeklädnad. [Online]  

Available at: http://www.traguiden.se/konstruktion/konstruktiv-

utformning/stomkomplettering/innertak/glespanel-och-innertaksbekladnad/ 

[Accessed 30 03 2016]. 

Träguiden, 2003b. Fönster, Fönsterdörrar och Ytterdörrar. [Online]  

Available at: http://www.traguiden.se/underhall/ytbehandling-med-underhall/utforande---utvandigt/ommalning-

och-underhall-av-olika-byggnadsdelar/fonster-fonsterdorrar/ 

[Accessed 30 01 2016]. 

Träguiden, 2003c. Väggreglar. [Online]  

Available at: http://www.traguiden.se/konstruktion/konstruktiv-utformning/stomme/vaggar/vaggreglar/ 

[Accessed 30 03 2016]. 

Träguiden, 2003d. Ytbehandling – begrepp och behandlingstyper. [Online]  

Available at: http://www.traguiden.se/underhall/ytbehandling-med-underhall/ytbehandling-med-underhall--

generellt/ytbehandling/ytbehandling-begrepp/ 

[Accessed 26 04 2016]. 

Träguiden, 2003e. Densitet träprodukter. [Online]  

Available at: http://www.traguiden.se/om-tra/materialet-tra/traets-egenskaper/densitet1/densitet-traprodukter/ 

[Accessed 04 04 2016]. 

Träguiden, 2003f. Träprodukters kretslopp. [Online]  

Available at: http://www.traguiden.se/om-tra/miljo/miljoeffekter/miljoeffekter/traprodukters-kretslopp/ 

[Accessed 04 04 2016]. 

Trätek, 2000. Miljöfakta om Trä och Träprodukter, Stockholm: Trätek. 

WB-trä, u.d.. Kontakta oss. [Online]  

Available at: http://www.wbtra.se/kontakt/ 

[Accessed 01 04 2016]. 

Weland AB, u.d.. Välkommen till Weland AB. [Online]  

Available at: http://www.weland.se/sv-se/omweland/ 

[Accessed 04 04 2016]. 



49 
 

Westcoast Windows, n.d. Skötsel. [Online]  

Available at: http://www.westcoastwindows.se/skotsel/ 

[Accessed 10 02 2016]. 

Woody, n.d. Åtgång skruvar. [Online]  

Available at: https://www.woody.se/proffs/verktygslada/berakningshjalp1/atgang-skruvar/ 

[Accessed 21 03 2016]. 

WRCLA, 2014. Environmental Product Declaration - Western Red Cedar Lumber, North America: FP Innovations. 

Värö Trä , n.d. Beräkningshjälp. [Online]  

Available at: http://www.varotra.se/index.php/berakningshjalp 

[Accessed 21 03 2016]. 

XL-bygg, u.d. a). Impregneringsolja Perfekt. [Online]  

Available at: http://www.fresks.se/sortiment/farg/utomhus/traolja-impregnering/978652?fp=1 

[Accessed 28 04 2016]. 

XL-bygg, u.d. b). Metallprimer V. [Online]  

Available at: http://www.fresks.se/sortiment/farg/utomhus/metallfarg/798363?fp=1 

[Accessed 25 04 2016]. 

XL-bygg, u.d. c). Plåttakfärg-V. [Online]  

Available at: http://www.fresks.se/sortiment/farg/utomhus/metallfarg/798360?fp=1 

[Accessed 25 04 2016]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



A-1 
 

Appendix A – Structure of the building 
This section presents a description of the studied building. A description of the included building materials 

and dimensions are presented in Table 9. 

Table 9; description of the building components and building materials in the study. 

Building 
part 

Building 
component 

Parts of the building component [all measurements in mm if 
nothing else is mentioned] 

Foundation Slab on ground 150 concrete 
300 insulation 
300 macadam 
80 Isodrän along the exterior wall 

Floor 
structure 

Level 1-4 250 concrete 

Level 5-11 95 CLT 
90*225 gluelam web lk20 cc575 
90*225 gluelam flange l40c cc575 
45*220 stud cc1157 

70 insulation  
28*70 batten cc300 
13 gypsum board 
13 gypsum board 

Stairwells 120 CLT 

Level 1-11 Steel stairs 

Exterior 
cladding 

Façade and 
cladding of 
balconies 

30 pine impregnated with boiled linseed oil 

Balconies Balcony slab 28*120 OrganoWood cc125 
45*45 studs cc600 
Rubber sheet 
120 x-lam 

140 x-lam 
25 insulation 
Balcony parapet h=0.5 m 

Balcony rail 70 CLT 

Façade wall Façade wall 
excluding 
windows, doors 
and exterior 
cladding 

22*70 batten cc600 
Wind protection fabric 
12*70 plywood cc600 
70 insulation 
45*140 studs cc600 

140 insulation 
0.2 construction foil 
120 CLT 
15 fire retardant gypsum board 

 Supporting 
exterior wall type 1 

200 concrete 
200 insulation 
80 concrete 

 Windows and 
window sections 

3-pane windows with wooden frames 

Roof Roof structure Plate 
22 plywood 
45*45 studs cc600 
45 air gap 
Waterproofing 

22 tongue and groove 
66*405 glue laminated beam cc1200 
22 secondary spaced boarding 
13 gypsum board 
13 gypsum board 

Roof over refuse 
storage/fan room 

Non-woven fabric 
50 macadam 
200 insulation 

Waterproofing 
250 concrete (with fall) 

Interior 
walls 

Supporting interior 
wall 

200 concrete 

 Supporting column 0.4 m3 concrete 

 On-site built light 
weight wall 

12 gypsum board 
12 OSB 
45*95 studs cc450 

12 OSB 
12 gypsum board 

 On-site built light 
weight wall silent 

12 gypsum board 
12 OSB 
45*95 studs cc450 

45 insulation 
12 OSB 
12 gypsum board  
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 Apartment 
separating wall 

45*120 studs 
120 rockwool 
12 plywood 

15 fire retardant gypsum board 
15 fire retardant gypsum board 

 Interior wall 15 fire retardant gypsum board 
95 CLT 
15 fire retardant gypsum board 

Interiors Doors Interior doors semi solid 
Solid pine interior doors 

Apartment doors and steel doors 

 Inner surface layer End grain wood block floor 
Ash strip parquet 

Limestone flooring 
Tiles (walls and floor) 
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Appendix B – Assumptions 
This section presents the assumptions that have been made in the study. If the building material was not 

specified in drawings from Folkhem or in Folkhem’s EPD, assumptions have been made. 

Building Materials 

Table 10 presents the assumptions for each building material used to construct the building. 

Table 10; assumptions for building materials and building components. 

Building material/building 
component 

Assumption Source/motivation 

Concrete   

Concrete  Specified in drawings. 

   

Insulation   

Expanded polystyrene (EPS) - Assumed insulation as EPS 
in concrete building parts. 

- The parts with Isodrän were 
assumed to have the same 
properties as EPS since 
Isodrän mostly consist of 
this material. 

- The usual material for 
insulation in concrete 
structures is expanded 
polystyrene (EPS).  

- Isodrän consist of EPS 
(Isodrän, u.d.). 

Rockwool Assumed to be the standard 
insulation material in the 
building. 

It is a common material for 
insulation. 

Insulation fan/refuse storage 
room (extruded polystyrene, 
XPS) 

Is a part of a solution from 
Paroc and was therefore 
assumed in this study due to lack 
of data. 

(Paroc, u.d.). 

   

Wood and timber products   

Cross Laminated Timber (CLT)  Specified in drawings. 

Gluelam  Specified in drawings. 

Wooden pine facade 
impregnated with boiled linseed 
oil 

The façade of pine impregnated 
with linseed oil was assumed to 
have the same density as regular 
pine due to lack of specific data. 

(Svenskt Trä, 2013). 
 

OrganoWood wooden decking  Specified in drawings. 

Studs The studs in the on-site built 
light weight wall was assumed to 
have standard dimensions of 
45x95 mm. 

(Träguiden, 2003c). 

Battens  Specified in drawings.  

Tongue and groove Tongue and groove were 
assumed to have standard 
dimensions 25x38 mm for 
tongue, spacing 375 mm and 
25x25 mm for groove, spacing 
600 mm. 

(Träguiden, 2003a). 

Secondary spaced boarding The secondary spaced boarding 
in the roof structure was 
assumed to be made of standard 
dimension 22x70 mm. 

(Träguiden, 2003a). 

Plywood  Specified in drawings. 
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Oriented stranded board (OSB)  Specified in drawings. 

   

Doors and windows   

Steel doors  Specified in drawings. 

Entrance wooden doors One wooden double door was 
assumed to correspond to two 
regular wooden doors. The same 
LCA data used for the 
production of an inner wooden 
door was used in this case. 

This assumption was made due 
to lack of LCA data for a 
wooden double door.  

Inner wooden doors  Specified in drawings. 

Windows  Specified in drawings. 

Balcony doors/window doors The balcony doors in the 
apartments and the window 
doors of the premise were 
assumed to be made of 3-pane 
wooden windows.  

Assumption. 

   

Gypsum   

Gypsum  board  Specified in drawings. 

Fire retardant gypsum board  Specified in drawings. 

   

Barriers   

Waterproofing roof The waterproofing component 
in the roof structure of the main 
building is assumed to be Icopal 
Macoflex. 

(Icopal AB, u.d. a)) 

PE-foil  Specified in drawings. 

Wall wind protection board Assumed that the wind barrier is 
a wind barrier board often used 
for wooden structures. 

(Gyproc Saint-Gobain, u.d) 

Rubber sheet for balconies The rubber sheet in the 
balconies was assumed to be 2 
mm thich, after correspondence 
with Greger Lindgren at 
Martinsons. 

(Lindgren, 2016c) 

Geotextile for fan/storage 
refuse room roof 

The geotextile in the roof over 
the fan room is assumed to be 
made of polypropylene fibers. 

(Paroc, 2015). 

Waterproofing in the roof over 
fan/refuse storage room  

The waterproofing component 
in the roof structure of the 
fan/refuse storage room was 
assumed to be Icopal Mono Pr.  

(Icopal AB, u.d. b)) 

   

Interior cladding   

Ash strip parquet It was assumed that the floor is 
a wooden laminate floor since 
no LCA data was available for 
the ash strip parquet floor. 

Assumption. 

Wall tiles  Specified in drawings. 

Floor tiles  Specified in drawings. 

Limestone floor The entrance floor will be 
cladded with limestone flooring, 
but due to lack of data, ceramic 
floor tiles were assumed in this 

Assumption. 
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study, since these also are 
mineral-based. 

Wood-block flooring (pine) The wood-block flooring of 
pine in the stairwell was 
assumed to have the same 
properties as regular pine due to 
lack of data. This was also 
assumed in Folkhem’s EPD. 
Since no LCA data was available 
for this type of flooring, it was 
assumed that it was made of the 
same laminate floor used for ash 
strip parquet. 

(Folkhem, 2015). 

Wet room board  Specified in drawings. 

   

Steel products   

Steel plate The roof was assumed to be 
made of steel plate. 

It is a common material for plate 
roofs. 

Stair  Specified in drawings. 

Balcony rail (galvanized steel)  Specified in drawings. 

Reinforcement Not specified in drawings but 
was assumed to be included. 

Reinforcement is needed in the 
concrete structure to increase 
the stability. 

Screws  See Table 11. 

   

Other   

Macadam  Specified in drawings. 
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Steel required for construction 

Table 11 shows the estimated amount of steel required for different building components. The values are 

either confirmed with a source or has been assumed by the author. These values should only be seen as an 

approximation. It is important that the steel is considered in the study, but no detailed analysis has been 

carried out to receive these values. Furthermore, it was assumed that one type of screw is used to install all 

material, for simplification. The chosen screw has the dimensions 3.5 * 25 mm, one package contains 1000 

pieces and the total package weights 1.5 kg (K-Rauta, u.d. a)). This means that the weight of one screw is 

1.5/1000=0.0015 kg/piece. This value was used for all building components.  

Table 11; estimated amount of steel required for construction. 

Building part Number of screws per m2 Source 

Façade wall   

Exterior cladding 40 Assumption 

Batten cc600 4 Assumption 

Plywood 13 Assumption 

Stud cc 600 8 Assumption 

Gypsum board 8 (Gyproc Saint-Gobain, 2016a) 

   

Floor structure (floors 5-11)   

Gluelam web cc575 12 Assumption 

Gluelam flange cc575 12 Assumption 

Stud cc1157 8 Assumption 

Batten cc300 6 Assumption 

Gypsum board 8 (Gyproc Saint-Gobain, 2016a) 

Gypsum board 8 (Gyproc Saint-Gobain, 2016a) 

   

Roof   

Plywood 13 Assumption 

Stud cc600 8 Assumption 

Tongue cc375 2 Assumption 

Groove cc600 10 Assumption 

Gluelam cc1200 16 Assumption 

Secondary spaced boarding cc450 13 Assumption 

Gypsum board 8 (Gyproc Saint-Gobain, 2016a) 

   

Balconies   

OrganoWood  30 (Värö Trä , u.d.) 

Stud cc600 8 Assumption 

   

On-site built light weight wall   

Gypsum board 8 (Gyproc Saint-Gobain, 2016a) 

OSB 13 Assumption 

Stud cc450 16 Assumption 

   

Apartment separating wall   

Stud cc600 8 Assumption 

Plywood 13 Assumption 

Fire retardant gypsum board 8 (Gyproc Saint-Gobain, 2013) 
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Properties of building materials 

Table 12 shows the properties of the building materials used in the study which have been confirmed by a 

source. 

Table 12; properties of building materials, module A1-A3. 

Building material Density 
[kg/m3] 

Weight per m2 
[kg/m2] 

Other information Source 

Concrete     

Concrete 2480   (Berg Betong AS, 
2016) 

     

Insulation     

Expanded 
polystyrene (EPS) 

25   (EUMEPS, 2013) 

Rockwool 29   (AS Rockwool, 2013) 

Insulation 
fan/refuse storage 
room (extruded 
polystyrene, XPS) 

28   (Paroc, 2013) 

     

Wood and timber 
products 

    

Cross Laminated 
Timber (CLT) 

430   (Martinsons, 2015a) 

Glue-lam 430   (Martinsons, 2015b) 

Wooden pine 
façade impregnated 
with boiled linseed 
oil 

480   (Svenska 
Träskyddsföreningen, 
2014) 

OrganoWood 
wooden decking 

470   (Svenskt Trä, 2015) 

Studs 440   (Svenskt Trä, 2015) 

Battens 440   (Svenskt Trä, 2015) 

Tounge and groove 440   (Svenskt Trä, 2015) 

Secondary spaced 
boarding 

440   (Svenskt Trä, 2015) 

Plywood 500   (Träguiden, 2003e) 

Oriented stranded 
board (OSB) 

600   (Egger, 2012) 

     

Doors and 
windows 

    

Steel doors   A steel door was 
assumed to weigh 70 
kg and have the 
dimensions 
800x1925 mm. 

(Daloc, u.d. a)). 

Entrance wooden 
doors 

  An entrance wooden 
door was assumed to 
weigh 95 kg and 
have the dimensions 
800x2025 mm. 

(Daloc, u.d. b)). 

Inner wooden 
doors 

  An inner wooden 
door was assumed to 

(Daloc, u.d. c)) 
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weigh 52 kg and 
have the dimensions 
800x2025 mm. 

Windows   The windows in the 
building are made of 
varying size, since 
the windows in the 
apartments are 
smaller than the 
premise windows. 
An EPD for 
windows was used 
for the analysis, 
where one 
measurement of a 
window is declared. 
It was assumed in 
this study that all 
windows are made of 
the same size, 
1.23x1.48 m. 

(Norgesvinduet 
Kompetanse AS, 
2016a). 

Balcony 
doors/window 
doors 

  Window doors and 
balcony doors in the 
study were assumed 
to have the same 
size, 1.23x2.18 m, 
due the same reason 
as for the windows. 

(Norgesvinduet 
Kompetanse AS, 
2016b) 

     

Gypsum     

Gypsum board 800   (Burström, 2007, p. 
485) 

Fire retardant 
gypsum board 

 12.7  (Gyproc Saint-
Gobain, 2013) 

     

Barriers     

Waterproofing 
roof 

 2.2  (Icopal AB, u.d. a)) 

PE-foil  0.185  (Tommen Gram, 
2015) 

Wall wind 
protection board 

 7.2  (Gyproc Saint-
Gobain, 2016b) 

Rubber sheet for 
balconies 

1300   (Rallab, u.d) 

Geotextile for 
fan/storage refuse 
room roof 

 0.09  (Paroc, 2015) 

Waterproofing in 
the roof over 
fan/refuse storage 
room  

 5.5  (Icopal AB, u.d. b)) 

     

Interior cladding     

Ash strip parquet  10.6 A laminated floor 
was assumed for this. 

(Bauhaus, u.d. a)) 
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The weight per 
square meter was 
calculated by 
dividing the total 
weight of one 
package of floor with 
the number of 
square meters per 
package. In this case, 
one package 
weighted 18 kg and 
was enough for 
1.694 m2 per 
package. This gave 
18/1.694 = 10.6 
kg/m2.  

Wall tiles  12 Assuming a 
dimension of 
8x200x200. 

(Rundström, 2016) 

Floor tiles  16 Assuming a 
dimension of 
8x200x200. 

(Rundström, 2016) 

Limestone 2626  Assumed to be 12 
mm thick. 

(Naturstenskompanie
t, u.d.) 

Wood-block 
flooring (pine) 

440   (Svenskt Trä, 2015) 

Wet room board  10  (Gyproc Saint-
Gobain, 2016c) 

     

Steel products     

Steel plate 7850  It was assumed to be 
0.45 mm thick. 

(Ruukki, 2014a) 

Stair   500 kg per level. (Albinsson, 2016) 

Balcony rail 
(galvanized steel) 

  The balcony rail of 
galvanized steel was 
assumed to be 30 
mm thick. 

Assumption. 

Reinforcement   No information was 
available for the 
amount of 
reinforcement, 
therefore it was 
assumed that one 
cubic meter of 
concrete contains 35 
kg of reinforcement 
steel. 

Assumption.  

Screws   0.0015 kg/piece See Table 11. 

     

Other     

Macadam 1450   (Snabbgrus, u.d.) 
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Assumptions made for each lifecycle phase 

In this section, all assumptions that have been made for the different lifecycle phases, except maintenance 

and replacement, are presented. The assumptions for maintenance and replacements are presented in the 

main report, in section 3.2.5. If a lifecycle phase is not mentioned, it means that no assumptions had to be 

made for that phase. 

Product stage, A1-A3  

- It was assumed that floors ten and eleven will be built according to the same structure as the floors 

from level five to level nine due to lack of data in the drawings. 

- The roof over the fan/refuse storage room was assumed to be constructed according to a building 

solution from Paroc, since no measurements were found in the drawings (Paroc, u.d.). 

- Supporting exterior wall type two was assumed to look like façade wall YV16-01 due to lack of data 

of the wall structure in the drawings.  

- Due to lack of LCA data for the pine façade impregnated with boiled linseed oil, a dataset for the 

production of linseed oil was created in SimaPro. The GWP-data for this dataset was combined 

with GWP-data for sawn wood, since it was assumed to be the best assumption. 

- The wood-block flooring made of pine used in the stairwells was assumed to be made of laminated 

floor due to lack of data for the production process. 

- No data for production of limestone flooring was available, therefore the LCA data for floor tiles 

was used since these products are based on the same materials. 

- After correspondence with Folkhem, it was assumed that when differences were discovered 

between the drawings and Folkhem’s EPD, the EPD should be used as the controlling part. 

Transports of building materials to the construction site, A4 

- The manufacturers of the building materials used in the study are presented in Appendix C. Some 

of the manufacturers were specified in the drawings and in Folkhem’s EPD, while others were not. 

For the not specified manufacturers, assumptions have been made. This information has been used 

when modelling the lifecycle stage A4, where climate impacts from transports from the material 

production site to the building site in Stadshagen were calculated. For all transports in this module 

the transportation mean was assumed to by lorry 16-32 metric tons, environmental class EURO 4. 

In some cases, transport by ferry was needed, where data for freight inland waterway ferry have 

been used. The datasets used for these processes are presented in Table 20 in Appendix E. 

Use phase, B6 

- The building was assumed to be heated by district heating.  

End-of-life scenario, C1-C4 

- Table 14 in Appendix D shows how the different building materials have been modelled in the 

waste scenario. The shares of how large amount that goes to incineration or recycling was chosen 

according to Sweden’s national waste plan if nothing else is mentioned. In the national waste plan 

for Sweden, it was concluded that the waste from the building sector needs to be treated differently 

to reach the new goal, which is that in 2020, 70 % of all waste from the building sector should be 

recycled or reused (Naturvårdsverket, 2012). Therefore, in the waste scenario of this study it was 

assumed that 70 % of the materials are recycled, and the remaining 30 % is incinerated when no 

other data for the waste treatment of the materials could be found.  

- It was assumed that all waste in the end-of-life stage will be sent to the waste treatments recycling, 

incineration or landfill within 30 km from the construction site since there are many places for 

waste handling in the Stockholm region. 
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- When a material is recycled, the only climate impact that was calculated for was the transport to the 

waste scenario. This is because since the material is recycled, it will be used in another product 

system, which will be responsible for the environmental burdens. 

- It was assumed that all waste from the building is waste treated, meaning that there is no loss of 

waste in the demolition phase. 

- All waste material was assumed to be transported to the waste scenario by lorry 16-32 metric tons, 

environmental class EURO 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



C-1 
 

Appendix C – Manufacturers of building materials 
This sections presents all manufacturers of building materials that have been used in the study, to model the 

impacts from transports of materials to the building site. These are shown in Table 13.  

Table 13; manufacturers of building materials. 

Manufacturers of building materials, module A1-A3 

Product/Material/Process Manufacturer Source Origin 

Concrete    

Concrete Betongindustri (Betongindustri, u.d.) 
(assumption) 

Ulvsunda, 
Stockholm 

    

Insulation    

Expanded polystyrene (EPS) Benders (Benders, u.d.) 
(assumption) 

Bålsta, Sweden 

Rockwool AS Rockwhool (AS Rockwool, 2013) Moss, Norway 

Insulation fan/refuse storage 
room (extruded polystyrene, 
XPS) 

Jackon (Sjölin, 2016) 
(assumption) 
(assumption) 

Skövde, Sweden 

    

Wood and timber products    

Cross Laminated Timber (CLT) Martinsons (Lindgren, 2016d) Bygdsiljum, 
Sweden 

Glue-lam Martinsons (Lindgren, 2016d) Bygdsiljum, 
Sweden 

Wooden facade impregnated 
with boiled linseed oil 

SCA Timber AB (SCA, 2016) 
(assumption) 

Bollsta, Sweden 

OrganoWood wooden decking OrganoWood (Hamlin, 2016a) Nybro, Sweden 

Studs Moelven (Moelven, u.d. b)) 
(assumption) 

Torsby, Sweden 

Battens Moelven (Moelven, u.d. b)) 
(assumption) 

Torsby, Sweden 

Tongue and groove Moelven (Moelven, u.d. b)) 
(assumption) 

Torsby, Sweden 

Secondary spaced boarding Moelven (Moelven, u.d. b)) 
(assumption) 

Torsby, Sweden 

Plywood Moelven (Moelven, u.d. c)) 
(assumption) 

Otterbäcken, 
Sweden 

Oriented stranded board (OSB) Moelven (Moelven, 2014) 
(assumption) 

Latvia 

    

Doors and windows    

Steel doors Proloc (Bonnevier, 2016) 
(assumption) 

Riga, Latvia 

Entrance wooden doors Proloc (Bonnevier, 2016) 
(assumption) 

Riga, Latvia 

Inner wooden doors WB-trä (WB-trä, u.d.) Burträsk, Sweden 

Windows WB-trä (WB-trä, u.d.) Burträsk, Sweden 

Balcony doors/window doors WB-trä (WB-trä, u.d.) Burträsk, Sweden 

    

Gypsum    

Gypsum board Gyproc Saint-Gobain (Gyproc Saint-
Gobain, 2016a) 
(assumption) 

Bålsta, Sweden 
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Fire retardant gypsum board Gyproc Saint-Gobain (Gyproc Saint-
Gobain, 2013) 
(assumption) 

Bålsta, Sweden 

    

Barriers    

Waterproofing roof Icopal AB (Icopal AB, u.d. c)) 
(assumption) 

Malmö, Sweden 

PE-foil Icopal AB (Icopal AB, u.d. c)) 
(assumption) 

Malmö, Sweden 

Wall wind protection board Gyproc Saint-Gobain (Gyproc Saint-
Gobain, 2016b) 
(assumption) 

Bålsta, Sweden 

Rubber sheet for balconies Habo 
gummiprodukter 

(Habo 
Gummiprodukter, 
u.d.) (assumption) 

Habo, Sweden 

Geotextile for fan/storage refuse 
room roof 

Paroc (Sjölin, 2016) 
(assumption) 

Italy 

Waterproofing in the roof over 
fan/refuse storage room  

Icopal AB (Icopal AB, u.d. c)) 
(assumption) 

Malmö, Sweden 

    

Interior cladding    

Ash strip parquet Boen (Boen, u.d.) 
(assumption) 

Lithuania 

Wall tiles Höganäs keramik (Höganäs, u.d.) Italy 

Floor tiles Höganäs keramik (Höganäs, u.d.) Italy 

Limestone Naturstenskompaniet (Naturstenskompaniet, 
2016) (assumption) 

Öland, Sweden 

“Kubbgolv” (pine floor) Almedalsgolv (Lanner, 2016)  Rostock, 
Germany 

Wet room board Gyproc Saint-Gobain (Gyproc Saint-
Gobain, 2016c) 

Bålsta, Sweden 

    

Other    

Macadam Sand & Grus AB 
Jehander 

(Jehander, u.d.) 
(assumption) 

Bålsta, Sweden 

    

Steel products    

Steel plate Plannja/Ruukki 
construction 

(Ruukki, 2014a) 
(assumption) 

Häämenlinna, 
Finland 

Stair Weland AB (Weland AB, u.d.) 
(assumption) 

Smålandsstenar, 
Sweden 

Balcony rail (galvanized steel) SSAB  Borlänge, Sweden 

Reinforcement Celsa steel service (Celsa Steel Service 
AB, u.d.) (assumption) 

Vännäs, Sweden 

Screws Swedfast AB (Swedfast, u.d.) 
(assumption) 

Torup, Sweden 
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Appendix D – End-of-Life assumptions 
This section presents the assumptions used for the waste modelling of the building materials. The waste 

treatment for each material is shown in Table 14. 

Table 14; waste treatment of building materials. 

Waste treatment for building materials 

Building material Waste treatment Source 

Concrete   

Concrete 100 % recycling (Svensk Betong, u.d.) 

   

Insulation   

Expanded polystyrene 
(EPS) 

70 % recycling, 30 % 
incineration 

(Naturvårdsverket, 2012) 

Rockwool 100 % landfill (Ragnsells, u.d. a)) 

Insulation fan/refuse 
storage room (extruded 
polystyrene, XPS) 

70 % recycling, 30 % 
incineration 

(Naturvårdsverket, 2012) 

   

Wood and timber 
products 

  

Wood products 70 % recycling, 30 % 
incineration 

(Träguiden, 2003f), (Naturvårdsverket, 
2012) 

   

Doors and windows   

Steel doors 70 % recycling, 30 % 
incineration 

(Naturvårdsverket, 2012) 

Entrance wooden 
doors 

70 % recycling, 30 % 
incineration 

(Naturvårdsverket, 2012) 

Inner wooden doors 70 % recycling, 30 % 
incineration 

(Naturvårdsverket, 2012) 

Windows 50 % recycling, 50 % landfill (Norgesvinduet Kompetanse AS, 2016a) 

Balcony doors/window 
doors 

33 % recycling, 33 % 
incineration, 33 % landfill 

(Norgesvinduet Kompetanse AS, 2016b) 

   

Gypsum   

Gypsum board 100 % landfill (Ragnsells, u.d. a))  

Fire retardant gypsum 
board 

100 % landfill (Ragnsells, u.d. a)) 

   

Barriers   

Waterproofing roof 68 % landfill, 24 % incineration 
(no energy recovery), 8 % 
recycling 

(European Waterproofing Association 
AISBL, 2014) 

Construction foil 100 % incineration (Icopal AB, 2009) 

Wall wind protection 
board 

51 % recycled, 49 % landfill (Gyproc Saint-Gobain, 2016b) 

Rubber sheet for 
balconies 

70 % recycling, 30 % 
incineration 

(Naturvårdsverket, 2012) 

Geotextile for 
fan/storage refuse 
room roof 

100 % incineration (T Emballage, 2011) 



D-2 
 

Waterproofing in the 
roof over fan/refuse 
storage room  

68 % landfill, 24 % incineration 
(no energy recovery), 8 % 
recycling 

(European Waterproofing Association 
AISBL, 2014) 

   

Interior cladding   

Ash strip parquet 70 % recycling, 30 % 
incineration 

(Naturvårdsverket, 2012) 

Wall tiles 100 % landfill (Kale, 2012a) 

Floor tiles 100 % landfill (Kale, 2012b) 

Limestone 100 % landfill (Naturstenskompaniet, 1997) 

Wet room board 50 % recycling, 50 % landfill (Gyproc Saint-Gobain, 2016c) 

   

Steel products   

Steel plate 100 % recycling (Plannja, 2011) 

Stair 100 % recycling (Ragnsells, u.d. b)) 

Balcony rail (galvanized 
steel) 

100 % recycling (Ragnsells, u.d. b)) 

Reinforcement 100 % recycling (Ragnsells, u.d. c)) 

Screws 100 % recycling (Ragnsells, u.d. b)) 

   

Others   

Macadam 100 % recycling (Ragnsells, u.d. c)) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



E-1 
 

Appendix E – Data from EPDs and Ecoinvent 3.2 
This section presents the data that have been used for the LCA. 

Data from EPDs 

Table 15 presents the LCA data that was gathered from EPDs and used in this study. For all materials, data 

was gathered for the productions stage (module A1-A3), but for some materials, data for the end-of life 

stage (module C3-C4) has also been used.   

Table 15; LCA data fort module A1-A3 and C3-C4 collected from EPDs. 

Building material Unit GWP-value 
[kg CO2-eq], 
module A1-
A3 

GWP-value [kg 
CO2-eq], module 
C3-C4 

Source 

Concrete     

Concrete 1 m3 256.51 - (Berg Betong AS, 2016) 

     

Insulation     

Expanded 
polystyrene (EPS) 

1 m3 59 - (EUMEPS, 2013) 

Rockwool 1 m2 1.27 - (AS Rockwool, 2013) 

Insulation 
fan/refuse storage 
room (extruded 
polystyrene, XPS) 

1 m2 9.44 - (EXIBA, 2014) 

     

Wood and timber 
products 

    

Cross Laminated 
Timber (CLT) 

1 m3 60 - (Martinsons, 2015a) 

Glue-lam 1 m3 39 - (Martinsons, 2015b) 

Wooden pine 
façade 
impregnated with 
boiled linseed oil 

1 m3 43.07 - See Table 19. 

OrganoWood 
wooden decking 

1 m3 39 - (Martinsons, 2015b) 

Studs 1 m3 43 - (Treindustrien, 2015) 

Battens 1 m3 43 - (Treindustrien, 2015) 

Tounge and 
groove 

1 m3 43 - (Treindustrien, 2015) 

Secondary spaced 
boarding 

1 m3 43 - (Treindustrien, 2015) 

Plywood 1 m3 129.77 - (AWC & CWC, 2013) 

Oriented stranded 
board (OSB) 

1 m3 125 - (Egger, 2012) 

     

Doors and 
windows 

    

Steel doors 1 piece 261.5 - (Hörmann KG Freisen, 2010) 

Entrance wooden 
doors 

1 m2 120 - See Table 16. 

Inner wooden 
doors 

1 piece 59.73 - (Nordic Dørfabrikk As, 2010) 
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Windows 1 piece 94.4 3099.6 (Norgesvinduet Kompetanse AS, 
2016a)  

Balcony 
doors/window 
doors 

1 piece 108 - (Norgesvinduet Kompetanse AS, 
2016b) 

     

Gypsum     

Gypsum board 1 m2 2.2 - (Gyproc Saint-Gobain, 2016a) 

Fire retardant 
gypsum board 

1 m2 4.84 - (Gyproc Saint-Gobain, 2013) 

     

Barriers     

Waterproofing 
roof 

1 m2 3.68 7.3941 (European Waterproofing 
Association AISBL, 2014) 

PE-foil 1 m2 0.314 - (Tommen Gram, 2015) 

Wall wind 
protection board 

1 m2 1.9 0.01 (Gyproc Saint-Gobain, 2016b) 

Rubber sheet for 
balconies 

1 kg 2.82 - See Table 16. 

Geotextile for 
fan/storage refuse 
room roof 

1 kg 1.97 - See Table 16. 

Waterproofing in 
the roof over 
fan/refuse storage 
room  

1 m2 3.68 7.3941 (European Waterproofing 
Association AISBL, 2014) 

     

Interior cladding     

Ash strip parquet 1 m2 4.05 - (Egger, 2013) 

Wall tiles 1 m2 9.74 - (Kale, 2012a) 

Floor tiles 1 m2 11.14 - (Kale, 2012b) 

Limestone 1 m2 11.14 - (Kale, 2012b) 

Wood-block 
flooring (pine) 

1 m2 4.05 - (Egger, 2013) 

Wet room board 1 m2 3.3 0.014 (Gyproc Saint-Gobain, 2016c) 

     

Steel products     

Steel plate 1 kg 2.91 - (Ruukki, 2014a) 

Stair 1 kg  2.68 - (Lonbakken, 2014) 

Balcony rail 
(galvanized steel) 

1 kg 2.75 - (Ruukki, 2014b) 

Reinforcement 1 
tonne 

370 - (Celsa Steel Service AB, u.d.) 

Screws 1 kg 4.63 - See Table 16. 

     

Other     

Macadam 1 kg 0.0043 - See Table 16. 
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Data from Ecoinvent 3.2 

In this section, the data that was gathered from the software SimaPro which uses the database Ecoinvent 

3.2, is presented. The section is divided into different parts depending on what type of data that was 

modelled. 

Production A1-A3 

Datasets used to model building materials in SimaPro are shown in Table 16. 

Table 16; Building materials modelled in SimaPro. 

Material/assembly Amount Unit GWP-value 
[kg CO2-eq] 

Comment 

Gravel, crushed {CH} | 
production | Alloc Def, S 

1 kg 4.35E-03 Production of macadam. 

Synthetic rubber {RER} | 
production | Alloc Def, S 

1 kg 2.82 Production of EPDM 
rubber sheet. 

Door, outer, wood-glass {RER} | 
production | Alloc, Def, S 

1 m2 120 Production of entrance 
wooden doors. 

Steel, chromium steel 18/8 {RER} 
| steel production, converter, 
chromium steel 18/8 | Alloc, Def, 
S 

1 kg 4.63 Production of steel screws. 

Polypropylene, granulate {RER} | 
production | Alloc Def, S 

1 kg 1.97 Production of geotextile. 

 

The pine façade will be impregnated with boiled linseed oil. Information from Chalmer’s technical 

university’s CPM LCA database has been used to create a dataset for linseed oil in SimaPro (Chalmers, 

1994). The energy content in the oil was assumed to be 40 MJ/kg. Table 17 presents the inputs to produce 

1 kg of linseed oil and 1.86 kg of linseed cake. 

Table 17; inputs and outputs for the production of linseed oil (Chalmers, 1994). 

Direction Flow type Substance Quantity Unit Environment 

Input Refined 
resource 

Agricultural land 17 m2 Agricultural 
ground 

Input Refined 
resource 

Diesel 0.6 MJ Technosphere 

Input Refined 
resource 

Electricity 0.5 MJ Technosphere 

Input Refined 
resource 

Nitrogen 
fertilizer 

23 g Technosphere 

Input Refined 
resource 

Oil 2.7 MJ Technosphere 

Input Refined 
resource 

Phosphorous 
fertilize 

28 g Technosphere 

Output Product Linseed cake 1.86 kg Technosphere 

Output Product Linseed oil 1 kg Technosphere 

 

Energy content oil, E01: 40-42 MJ/kg (Svensk Fjärrvärme, 2009). 

 2.7 MJ corresponds to (1 kg/40 MJ)*2.7 MJ = 0.0675 kg. 

Energy content, diesel, B30: 43.2 MJ/kg (Swea Energi, u.d.). 
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 0.6 MJ corresponds to (1kg/43.2 MJ)*0.6 MJ = 0.014 kg. 

The input of agricultural land is not included in the modelled data set, since this input does not influence 

the GWP-value. Table 18 presents the dataset that was modelled in SimaPro. 

Table 18; dataset for linseed oil modelled in SimaPro. 

Known outputs to technosphere Amount Unit 

Linseed oil 1 kg 

Linseed cake 1.86 kg 

   

Known inputs from technosphere (materials/fuels) Amount Unit 

Phosphate fertilizer, as P205 {RER} | basic slag fertilizer production | Alloc Def, S 28 g 

Nitrogen fertilizer, as N {RER} | urea ammonium nitrate production | Alloc Def, S 23 g 

Heavy fuel oil {CH} | market for | Alloc Def, S 0.0675 kg 

Diesel {CH} | market for | Alloc Def, S 0.014 kg 

 

The received GWP-value was 0.209 kg CO2-eq. The total product output is 1+1.86 kg. This means that the 

linseed oil corresponds to 1/2.86=0.35, which is 35 % of the total mass produced. The linseed oil is allocated 

due to mass, therefore, the GWP-value for the linseed oil is equal to: 0.209*0.35=0.073 kg CO2-eq.  

The total GWP-value for the façade is the value from the dataset of the production of linseed oil combined 

with the GWP-data for sawn wood. The total GWP-value for the façade is shown in Table 19. 

Table 19; LCA data for the wooden facade of pine impregnated with boiled linseed oil. 

Building material GWP-value [kg CO2-
eq/m3] for sawn 
wood 

GWP-value for 
production of linseed 
oil [kg CO2-eq/kg] 

Total GWP value 
for the pine façade 
impregnated with 
boiled linseed oil 
[kg CO2-eq] 

Wooden pine façade 
impregnated with boiled 
linseed oil 

43 0.073 43.073 

 

Transports, from production to the building site A4, for replacement B4 and from the building site 

to the waste handling, C2 

Datasets used to model the transportation means for the transport of building materials from the production 

to the building site as well as from the building site to the waste scenario are shown in Table 20. It should 

be noted that for the transport to the waste treatment, only truck was assumed. 

Table 20; transportation means modelled in SimaPro for module A4, B4 and C2. 

Process Amount Unit GWP-value 
[kgkm CO2-eq] 

Comment 

Transport, freight, lorry, 16-32 
metric ton, EURO 4 {RER} | 
transport, freight, lorry, 16-32 
metric ton, EURO 4 | Alloc, 
Def, S 

1 kgkm 1.69E-04 Transport by truck. 

Transport, freight, inland 
waterways, barge tanker 
{RER} | processing | Alloc 
Def, S 

1 kgkm 4.82E-05 Transport by ferry. 
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Construction works, A5 and demolition C1 

The GWP-value for the energy required for the building machines in the construction and demolition 

processes are shown in Table 21. 

Table 21; construction works and demolition modelled in SimaPro for module A5 and C1. 

Material/assembly Amount Unit GWP-value 
[kg CO2-
eq/kWh] 

Comment 

Diesel, burned in machine {GLO} 
| processing | Alloc, Def, S 

1 MJ 0.0943 Energy required for 
building construction. 

 

Maintenance, B2 

Datasets used to model the transportation means for the transport of maintenance products to the building 

site are shown in Table 22. 

Table 22; transportation means modelled in SimaPro for module B2. 

Process Amount Unit GWP-value 
[kg CO2-
eq/tkm] 

Comment 

Transport, freight, lorry 3.5-7.5 
metric ton, EURO 4 {RER} | 
transport, freight, lorry 3.5-7.5 
metric ton, EURO 4 | Alloc Def, S 

1 kgkm 0.000521 Transport of maintenance 
products. 

 

Use phase, B6 

The dataset used to model the electricity needed for the use phase of the buildings is shown in Table 23. 

Table 23; Swedish electricity, modelled in SimaPro for module B6. 

Process Amount Unit GWP-value 
[kg CO2-
eq/kWh] 

Comment 

Electricity, medium voltage {SE} | 
market for |Alloc Def, S 

1 kWh 0.0621 Swedish electricity mix for 
the use phase of the 
building. 

 

End-of-life processes, C3-C4 

The datasets used for modelling the end-of-life phase are presented in Table 24. 
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Table 24; the end-of-life phase modelled in SimaPro for module C3-C4. 

Material/assembly Amount Unit GWP-value 
[kg CO2-eq] 

Comment 

Waste mineral wool, for final 
disposal {CH} | treatment of 
waste mineral wool, inert material 
landfill | Alloc Def, S 

1 kg 0.00543 Waste treatment and final 
disposal of mineral wool 

Waste gypsum {CH} | treatment 
of, inert material landfill | Alloc 
Def, S 

1 kg 0.00543 Waste treatment and final 
disposal of gypsum 
boards and fire retardant 
gypsum boards. 

Waste polystyrene isolation, flame 
retardant {CH} | treatment of, 
collection for final disposal |Alloc 
Def, S 

1 kg 3.18 Waste treatment and final 
disposal of EPS. 

Waste polyethylene/polypropylene 
product {CH} | treatment of, 
collection for final disposal | Alloc 
Def, S 

1 kg 0.389 Waste treatment and final 
disposal of construction 
foil and geotextile. 

Used door, inner, wood, {CH} | 
treatment of, collection for final 
disposal | Alloc Rec, S 

1 m2 3.91 Waste treatment and final 
disposal of inner wooden 
doors and wooden 
entrance doors. 

Limestone residue {CH} | 
treatment of, inert material landfill 
| Alloc Def, S 

1 kg 0.00543 Waste treatment and final 
disposal of limestone, wall 
tiles and floor tiles. 

Waste wood, untreated {CH} | 
treatment of, municipal 
incineration | Alloc Def, S 

1 kg 0.0102 Waste treatment and final 
disposal of wood. 

Used window frame, wood {CH} 
| treatment of, collection for final 
disposal | Alloc Rec, S 

1 m2 17.8 Waste treatment and final 
disposal of windows and 
window doors. C2 is 
included in this process. 

Used door, outer, wood-aluminum 
{CH} | treatment of, collection for 
final disposal | Alloc Rec, S 

1 m2 2.58 Waste treatment and final 
disposal of steel doors. 

Waste rubber, unspecified {CH} | 
treatment of, municipal 
incineration | Alloc Def, S 

1 kg 3.14 Waste treatment and final 
disposal of rubber. 
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Appendix F – Life cycle inventory 
Data gathered for all lifecycle phases of the building except maintenance and replacement is presented in 

this section. The gathered data for maintenance and replacement is presented in the main report, in section 

3.3.1. 

Product stage A1-A3 

Information and quantities about the included building materials were primarily gathered from drawings of 

Folkhem’s planned building in Stadshagen. When data gaps were detected in the drawings, information 

from Folkhem’s EPD and drawings from the manufacturer of CLT elements, Martinsons, has been used. 

The building materials included in the study are presented in Appendix A. Figure 8 shows the amount of 

materials that are included in this study. It was not possible to find EPDs for all building materials, therefore 

a few were modelled in SimaPro, which is shown in Table 16-Table 19 in Appendix E. 

Transports to construction site, A4 

To calculate the cimate impacts from the transports from the producer of the building material to the 

construction site, the manufacturers of the materials needed to be specified. Some of the not specified 

manufacturers were assumed since this information was not found in the drawings. The source for 

measuring the distances from the site of production to the construction site in Stadshagen in Stockholm 

was Google Maps. All manufacturers and places for production of building materials are presented in Table 

13 in Appendix C.  

The transportation means modelled in this phase ere assumed to be lorry and ferry. Environmental data for 

these transportation means have been gathered from SimaPro, where data for European conditions were 

used, which are shown in Table 20 in Appendix E. 

Construction of building, A5 

The energy required for the machines needed for construction of the building was assumed to be 60 MJ/m2 

(Björklund & Tillman, 1997). This is a value valid for construction of a wooden building. This process was 

modelled in SimaPro Multiuser, which is shown in Table 21 in Appendix E. 

Operational energy use, B6 

No information about the energy for heating of the building and the warm water was available for the 

planned building in Stadshagen. Therefore, Folkhem has provided data for the building in Strandparken 

which has an energy demand of 64 kWh/m2 tempered area, and this was used in this study. The electricity 

for heating in bathrooms is 5 kWh/m2 and the electricity for the building is 9 kWh/m2, (Johansson, 2016b).  

Local LCA data for Stockholm provided by Svensk Fjärrvärme has been used to calculate the cllimate 

impacts from district heating, for 2014 (Svensk Fjärrvärme, u.d.). 

The electricity consumption is 14 kWh/m2 tempered area for Folkhem’s building in Strandparken, which 

was used in this study since Folkhem did not have any other data available. Data for Swedish electricity 

from SimaPro has been used to model this part, which is presented in Table 23 in Appendix E. 

End-of-life, C1-C4 

The energy required for the machines needed for demolition of the building was assumed to be 27.1 MJ/m2 

(Björklund & Tillman, 1997). This process was modelled in SimaPro, which is shown in Table 21 in 

Appendix E. 

Most of the waste scenarios have been modelled in SimaPro. If the required data could not be found in this 

software, waste scenarios from EPDs have been used. Table 24 in Appendix E presents the modelled 

datasets in SimaPro and data from EPDs are shown in Table 15, also in Appendix E.
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Appendix G – Sensitivity analysis 
This section presents the data that have been used for the sensitivity analyses and also the results that were 

not included in the main report. The transports of surface treatment for maintenance and building materials 

for replacement were assumed to be transported by truck or ferry. The process from transporting the 

maintenance products is shown in Table 22 in Appendix E, whereas the process of transporting building 

materials for replacement is presented in Table 20 also in Appendix E. A larger truck was assumed to be 

required for transporting material for replacement. In the following subsections, information about the 

materials for the sensitivity analyses as well as the origin of each material is presented. 

Cedar wood, general information 

The information presented in this section has been used for the two façade scenarios in the sensitivity 

analysis.  

Properties of cedar wood 

A key natural preservative which can be found in the heartwood of cedar wood is thujaplicins, which 

protects from fungal attacks (Daniels & Russel, 2007). Cedar wood is, as most wood, sensitive to sunlight 

and influence from weather (Moelven, u.d. a)). A façade of cedar shingles may be installed without any 

surface treatment but the surface will turn gray due to impacts from weathering and sunlight (Moelven, u.d. 

d)). Since products of Western Red Cedar is naturally durable, it is not mandatory to apply a finish (Dwyer, 

et al., 2011a). The cedar shingles can remain structurally stable for 30 years without maintenance (Cronin, 

et al., 2000) (Houston & Fugelso, 2008). If a surface treatment is applied to the shingles and if regular 

maintenance is carried out, the service life may be expanded to 40-60 years (Houston & Fugelso, 2008). 

Life cycle inventory 

The declared unit in the cedar wood EPD was 1 mfbm, which corresponds to 2.3598 m3 (WRCLA, 2014) 

(Global Wood Trade Network, u.d.). This means that the GWP value for 1 m3 of cedar wood is equal to; 

 GWP = (499.42)/2.3598 = 211.63 kg CO2-eq per m3. 

The manufacturer was assumed to be Moelven, who imports the cedar wood from Vancouver, Canada by 

boat (Johnson, 2016c). The wood is harvested from the forests in British Columbia in Canada, the transport 

from this place to Vancouver has been accounted for. It was assumed that the wood is transported by truck 

from the forest in British Columbia to the harbor in Vancouver, and by boat from Vancouver to 

Värtahamnen in Stockholm. Thereafter it was assumed to be transported by truck from Värtahamnen to 

the construction site in Stadshagen. Table 25 presents the transports and distances for cedar wood. All 

distances have been measured in Google Maps.  

Table 25; transports for cedar wood, from harvesting to the construction site in Stadshagen. 

  Transportation mean Distance [km] 

British Columbia Vancouver Truck 882 

Vancouver Stockholm (Värtahamnen) Ferry 19000 

Stockholm Stadshagen Truck 10 

 

Cedar shingle façade, excluding maintenance 

Assumptions 

Folkhem has not planned for any maintenance within 50 years’ time, which the scenario is supposed to 

reflect (Johansson, 2016c).  
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Cedar shingle façade, including maintenance and replacement  

Assumptions 

A façade of cedar wood may be treated with different products depending on what type of appearance that 

is requested. Possible surface treatments are oil, glaze or silica treatment (Moelven, u.d. d)) (Bergström, 

2016). In this study, a glaze has been chosen since that it is the surface treatment that Folkhem might use 

for the façade in the planned building in Stadshagen (Johansson, 2016a). 

A southern facing façade should be repainted every 5-7 years which has been assumed as the performed 

procedure in this study (Moelven, u.d. d)). According to a product manager at Moelven, the other surfaces 

should be repainted approximately every 7-10 years, which is therefore assumed in this scenario (Johnson, 

2016c). One coat is assumed to be applied at each maintenance interval.  

The same data of the weight and consumption of a glaze that was used in the basic scenario for the windows 

was used in this scenario since this glazed could be applicable for facades as well. The maintenance frequency 

is however adjusted for this scenario regarding maintenance and replacement.   

Aluminum coated wooden windows 

Properties of aluminum coated wooden windows 

The expected lifespan of aluminum coated windows is more than 50 years (Elitfönster, 2012). Aluminum is 

resistant against corrosion and weathering effects, which is increased by the powder coating (Asif, et al., 

2001). Another advantage of is that when the aluminum has to be replaced, it can be recycled. 

There is under normal conditions no need for maintenance of aluminum coated windows (SSC, u.d.).  The 

aluminum coating may break down over time, affecting the visual appearance of the building, but this has 

little effect on the function of the window (Menzies, 2013). Therefore, the outside aluminum surface could 

be painted or left untreated with no loss of functional performance. Both the interior wooden part and the 

exterior aluminum part should be cleaned annually (Westcoast Windows, u.d.). Small damages on the 

interior part may be painted over. 

Life cycle inventory 

LCA data for the production of an aluminum coated wooden window was gathered from an EPD 

(Norgesvinduet Kompetanse AS, 2016a). Information about maintenance and replacement was gathered 

from manufacturers and technical literature. 

Assumptions 

The assumed manufacturer was Elitfönster, who produces the windows in Vetlanda in Sweden. No 

maintenance was assumed for these types of windows. 

Thermowood wooden decking 

Properties of thermowood  

Heat treated wood, known as thermowood, is another option that could be used as external cladding 

(Moelven, u.d. e)). The product may consist of different types of wood, such as spruce, ash or pine. Pine 

will be treated in this section since it is a common material for this type of applications. Due to the heat 

treatment, the wood receives a dark brown color. 

A thermowood decking made of pine is expected to have a lifespan of 10 to 20 years (Moelven, 2013). The 

heat treatment modifies the cell structure of the wood and removes internal nutrients. This increases the 

resistance to rot. Furthermore, water and resins are also removed in the heat treatment. The treatment only 

requires heat which means that no chemicals are added and the process is therefore considered to be 

environmentally friendly. 



G-3 
 

The brown color of heat-treated wood will fade into gray due to sunlight (Moelven, u.d. f)). Regular cleaning 

of the surface is recommended to avoid surface mold. Thermowood may be left untreated but to receive a 

longer service life, maintenance is needed. Surface treatment is recommended to retain the original color 

and surface quality (Finnish Thermowood Association, 2003). A decking made of thermowood may be 

surface treated with a pigmented oil, glaze or covering paint (Heatwood, 2016b). Pigments in the paint will 

retain the original color, and the higher amount of pigments in the surface treatment will extend the 

maintenance interval.  

Assumptions 

The assumed manufacturer of thermowood in this study was Heatwood since it is the only manufacturer of 

the product in Sweden. The factory is located in Forsa in Sweden.  

The product assumed for maintenance in this scenario was Alcro terrace glaze, since it contains pigments 

which will increase the durability of the wood material. The wooden decking should be repainted with one 

coat every second year (Alcro, 2016).  

Life cycle inventory 

LCA data for the production of thermowood was collected from an EPD (Moelven, 2014). Properties per 

liter of the chosen terrace glaze are presented in Table 26. The production of the paint takes place in 

Nykvarn, Sweden (Alcro, u.d.). 

Table 26; properties of Alcro terrace glaze (Alcro, 2016). 

Alcro terrace glaze 

Wet weight Consumption 

0.35 kg/l 10 m2/l 

 

Different percentage of replaced material 

The results from changing the replacement percentage from 60 % to 100 % for the building components 

façade, roof and balconies are presented in Figure 35-Figure 37.  

 

Figure 35; different percentage of replacement of the facade. 
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Figure 36; different percentage of replacement of the roof. 

 

 

Figure 37; different percentage of replacement of the balconies. 

Figure 35-Figure 37 show that increased percentage of replace increase the potential climate impact for the 

façade, roof and balconies. 
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Appendix H - Economic analysis 
A simplified cost analysis has been carried out in order to evaluate the costs of the building materials in the 

basic scenarios and the sensitivity analyses. Only the costs for the required maintenance products and 

replacement of the specific material in focus were considered. The costs for maintenance- and replacement 

workers were not included. 

Data inventory 

The sales tax in Sweden for most products and services is 25 %, which has been accounted for in this 

analysis (Bolagsverket, Skatteverket & Tillväxtverket, 2016). The prices that were not given excluding the 

sales tax, have been calculated to a value excluding tax, since reductions of sales tax is possible for 

companies. 

Maintenance 

Table 27 presents the costs for the maintenance products in the basic scenario. For the calculation of costs, 

prices without sales taxes have been used. 

Table 27; costs for maintenance products in the basic scenario. 

Building 
component 

Surface 
treatment 
[assumed due 
to lack of 
data] 

Price [sales tax 
included] 

Average price* 
[sales tax 
excluded] 

Consumption 

Pine façade  Beckers Perfekt 
Impregnerings-
olja 

959 SEK/9 l (K-Rauta, 
u.d. b)) 

83.14 SEK/l 5 m2/l (Beckers, 
2016a) 

1179 SEK/9 l (XL-bygg, 
u.d. a)) 

Steel plate 
roof 

Beckers metal 
primer 

2775 SEK/10 l (K-Rauta, 
u.d. c)) 

167.7 SEK/l 5-6 m2 (Beckers, 
2016c) 

2016.7 SEK/10 l (XL-
bygg, u.d. b)) 

Beckers plate 
roof paint 

2489 SEK/10 l (K-Rauta, 
u.d. d)) 

174.5 SEK/l 5-6 m2 (Beckers, 
2016c) 

2498 SEK/10 l (XL-
bygg, u.d. c)) 

3-pane 
wooden 
windows 

Beckers façade 
glaze 

999 SEK/10 l (K-Rauta, 
u.d. b)) 

80.43 SEK/l 4-6 m2/l (Caparol, 
2016) 

1299 SEK/10 l (XL-
bygg, u.d. a)) 

OrganoWood 
decking 

OrganoWood 
Träskydd 02: 
Smuts- och 
vattenskydd 

871 SEK/3 l (K-Rauta, 
u.d. e)) 

186 SEK/l 1 m2/l (Hamlin, 
2016b) 

720 SEK/3 l (Optimera, 
u.d.) 

* The price is a mean value of the prices from the specified sources. 
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Table 28 presents the costs for maintenance products in the sensitivity analysis. For the calculation of costs, 

prices without sales taxes have been used. 

Table 28; costs for maintenance in the sensitivity analysis. 

Building 
component 

Surface 
treatment 
[assumed 
due to lack 
of data] 

Price [sales tax 
included] 

Average price* 
[sales tax 
excluded] 

Consumption 

Cedar wood 
façade  

Beckers 
façade glaze 

999 SEK/10 l (K-
Rauta, u.d. b)) 

80.43 SEK/l 4-7 m2/l (Beckers, 
2016a) 

1299 SEK/10 l (XL-
bygg, u.d. a)) 

Thermowood Beckers 
façade glaze 

265 SEK/ 3 l (Bauhaus, 
u.d. b)) 

62 SEK/l 10-15 m2/l (Alcro, 
2016) 

 

Replacement 

Table 29 presents the costs for the building components in the basic scenario. For the calculation of costs, 

prices without sales taxes have been used.  

Table 29; Costs of building components in the basic scenario. 

Building 
component 

Material 
[assumed if 
required, due 
to lack of 
data] 

Price [sales tax 
included] 

Price [sales tax 
excluded] 

Consumption 

Pine façade  Pressure 
impregnated 
pine 22x120 
mm  

15.20 SEK/m* 
(Beijer, u.d. a)) 
(Bauhaus, u.d. c)) 

11.40 SEK/m 14.20 m/m2 (Svenskt 
Trä, u.d.) 

Steel plate 
roof 

Plannja 
planplåt 

- 144.20 SEK/m2  
(Plannja, 2014) 

- 

3-pane 
wooden 
windows 

Elit original trä 
(size 15/13) 

- 7144 SEK/piece 
(Elitfönster, 2016) 

- 

OrganoWood 
decking 

- 25-32 SEK/m gives a 
mean value of 28.50 
SEK/m (Hamlin, 
2016c) 

21.40 SEK/m 8 m/m2  
(Hamlin, 2016c) 

*The price is a mean value of the prices from the specified sources. 
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Table 30 presents the costs for the building components in the sensitivity analysis. For the calculation of 

costs, prices without sales taxes have been used. 

Table 30; Costs for building components in the sensitivity analysis. 

Building 
component 

Material 
[assumed if 
required, due 
to lack of 
data] 

Price [sales tax 
included] 

Price [sales tax 
excluded] 

Consumption 

Cedar shingle 
facade  

-  455 SEK/m2 
(including fire 
protection) 
(Johnson, 2016b) 

- 

3 pane 
aluminum 
coated 
wooden 
windows 

Elit original 
trä/alu (size 
15/13) 

 7966 SEK/piece 
(Elitfönster, 2016) 

- 

Thermowood 
decking 

- 39 SEK/m*  
(Beijer, u.d. b)) 
(Byggmax, u.d.) 

29.30 SEK/m 8 m per m2 (Beijer, 
u.d. c)) 

*The price is a mean value of the prices from the specified sources. 
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